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THE INSTITUTION BUILDING 


THE cover illustration this month shows the Institution 
building floodlit. One of the reasons for holding the 1961 
Summer Meeting in London was to enable members to 
inspect the building and see the changes made. At the 
Summer Meeting Reception at Savoy Place on the 29th 
May, members had the ‘freedom of the building’ (see 
p. 434). A description of the changes made appears in the 
Annual Report for 1960-61 (see p. 414) 
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INSTRUMENTATION AND CONTROL 


uR Institution forerunners in the Society of Tele- 

graph Engineers can little have imagined, as they 
bandied their ‘bauds’ about, how extensively those 
little chaps were going to permeate the next century. In 
our streamlined age the name has been sterilized and 
transformed into ‘bit’; our business affairs are invaded 
by them; our scientific calculations are borne on a tide 
of them; and now our industrial processes are about to 
be controlled by them. 

At this stage we can introduce another unsuspected 
contribution of the Telegraph Engineers—the feedback 
amplifier, which caused such head-scratching and hunting 
through old college mathematics notes until at last the 
point (—1, j0) was discovered and its hideous significance 
realized for the stability of the system. The stage was all 
set, and it required only the release from material 
restrictions offered by the perfection of adequate and 
efficient components for the result to be a positive 
explosion in the scope of application of these two ideas 
of digital operation and feedback control. 

The explosion has carried these techniques far outside 
the boundaries of the original applications, and, in the 
process, many of our members skilled in these techniques 
have been brought into contact with other spheres of 
activity in which electrical engineering is but one facet 
of the problem. One thing seems to be increasingly clear: 
as engineers we have largely exhausted the possibilities of 
empirical design. Further progress depends on a genuine 
understanding of the fundamental structure of the design 
method rather than ‘the way to do the design calculation’. 

This means drawing on a deeper knowledge of mathe- 
matical method, allied to a basic appreciation of engi- 
neering motives. The intuitive hunch that served the 
19th-century engineer so well does not suffice today; and 
the mathematical methods he needed to go further are 
nO more easy to acquire now than they were then. For 
this reason, the 20th century in engineering history may 
be known as the century of professionalism, and nowhere 
is this trend more clear than in modern integrated 
process control. 


Process control is primarily a matter of chemical 
reactions of one sort or another, which may be occurring 
on a batch basis but which are more likely nowadays to 
be part of a continuous-flow process. In the industrial 
plant, a knowledge of the basic reactions no more than 
gets one started, for there are a host of engineering 
complications. These are well known to the chemical 
engineer, whose principal aim is to maintain a steady 
reaction that in the interests of economy can be left 
stewing steadily, once satisfactorily on stream, for six 
months at a time. The maintenance of this happy régime 
is made easier by the use of automatic regulators, 
operated by compressed air, to maintain levels, flow rates, 
temperatures, pressures, etc. at or near prescribed values. 

All is not entirely peaceful in this well ordered 
endeavour, however, for a constant watch has to be 
maintained against cycling of the process, i.e. the onset 
of instability of the process variables. The Telegraph 
Engineers had the answer to this difficulty, but it was 
many years before their common ground with process 
control was appreciated, and even then there were 
difficulties of terminology and motive to be overcome. 
These are by no means completely cleared away, but 
already a distinctive contribution is being made by 
electrical engineers through their appreciation of the 
importance of dynamic characteristics in maintaining 
the stability of operations. 

But a further dimension of understanding is becoming 
apparent by virtue of the partnership between engineers 
in both these fields and through the advances being 
achieved by electrical engineers in appreciating the 
issues involved in information handling. Electronic 
techniques required for the zapid and accurate pro- 
cessing of data are developing continuously, so that far 
more sophisticated schemes of automatic process control 
can now be entertained. These involve a much higher 
degree of regulation or supervisory control, and here 
electrical methods, with all the possibilities and versatility 
of digital-computer techniques, have a decisive advantage 
over the old ‘huff and puff’ arrangements. 
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Creative effort is still required by control engineers to 
show how controls can improve existing processes and 
make new ones feasible. To do this effectively, one needs 
a sufficient understanding of other fields to be able to 
specify essential dynamic relationships and to formulate 
explicit performance criteria. This means working in 
partnership with engineers knowledgeable in spheres 
other than electrical engineering. 

At present, progress is hindered by the lack of experi- 
mental data on dynamic response and the relation 
between system variables and performance. The control 
engineer can stimulate this work by making a theoretical 
analysis of adaptive controllers, by developing measuring 
instruments and transducers accurate and reliable 
enough for continuous precise control, and by inventing 
simulation techniques for the economic evaluation of 
performance. 

The possibilities of computer control are legion. 
Perhaps its only limitation lies in the imagination, for 
though many scientific theories exist the knowledge of 
how to make the best engineering use of them does not. 
The assessment of computer-control potentialities cannot 
be referred to pure mathematicians or to computer- 
circuit designers or even to computer programmers 
unless they appreciate engineering motives. Here lies 
the essential challenge of integrated process control. 

The engineering knowledge of chemical processes, of 
heat transfer, of system dynamics, of computer circuit 
techniques, is found in watertight compartments. These 
pieces of knowledge have to be embodied, even amalga- 
mated, to make possible a single system that must 
satisfy the most stringent requirements of reliability. 
Such a system must be organized and controlled through 


a hierarchy of regulators capable of assessing the range 
of variability of both disturbances and dynamic para. 
meters and acting in the light of this knowledge to 
enable the over-all scheme to operate with efficiency— 
an efficiency that economically justifies the complicated 
and expensive components. 

These prospects are not in the realm of science fiction: 
they will soon be tangible engineering realities. Important 
exploratory investigations are taking place in both the 
United States and the Soviet Union. In Britain we are 
not unconscious of these possibilities, but we are hesitant 
and on the horns of a dilemma. In the private sector 
there is an understandable hesitation to make so sub- 
stantial an investment as is needed in what many will 
take to be a speculative venture. In the public sector 
there is no Department or Ministry whose clear responsi- 
bility it is to undertake such work for Government 
purposes, although useful studies under the sponsorship 
of the Department of Scientific and Industrial Research 
are going on at the National Physical Laboratory and 
elsewhere. 

So in Britain we must look to our institutions of last 
resort: to those institutions whose independence on 
more than one occasion has proved so valuable an 
insurance. We must look to the universities, notably 
those of London and Cambridge but also a number of 
Provincial centres, where long-range original work on 
adaptive control is going on, albeit on a ‘sealing-wax 
and string’ basis. There is a chance here for the newly 
reconstituted British Conference on Automation and 
Computation to act as a rallying point and to ensure 
that our participation in this important industrial 
development receives appropriate impetus. 





NEW FACILITIES FOR SPECIALIZATION 


HE Council’s decision to reorganize The Institution’s 

learned-society arrangements is mentioned on p. 433, 
with some details of the new structure that will replace 
the existing specialized Sections. The proposal is the fruit 
of 24 years’ continuous examination of a problem that 
has lately caused the Council much anxiety. 

The division of specializations between the four 
Sections is no longer able to cater for the rapid develop- 
ment of many aspects of electrical engineering—elec- 
tronics in particular. The rigidity of the present system 
has resulted in excessive delays, in several instances, 
between the emergence of a new development and its 
effective coverage by The Institution. It has also been 
difficult to demonstrate the high proportion of elec- 
tronics activity within The Institution, particularly to 
young electronics engineers beginning to specialize; the 
fact that the proportion is so high is obscured by elec- 
tronics appearing to be only one specialization out of 
four. 
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The new structure is designed to remove these diffi- 
culties. A variable range of Technical Groups, guided 
and inspired by active Divisional Boards, will provide 
effective and flexible machinery for covering every aspect 
of the science, and particularly for exploiting new 
developments without delay. Furthermore, an Elee 
tronics Division governed by its own high-level Divi 
sional Board should, together with other measures 
approved by the Council (see June 1961 Journal, p. 369), 
demonstrate unequivocally the significance of elee 
tronics in The Institution’s affairs. 

It is hoped that the scheme will operate from the 
beginning of the 1962-63 Session; much work remains 
to be done before then. Minor Bye-law changes will need 
approval at a Special General Meeting in due course. It 
is confidently expected that the hard work put in by all 
concerned will be more than justified by the results. 
More details of the new structure will appear in a subse 
quent issue of the Journal. 


JOURNAL I.E.E. 
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wos reer MEGHANIZING THE POSTAL SERVICE 


5 es total annual cost of the British postal service is 
about £190 million, of which £135 million is man- 
power cost, and there is therefore good reason for con- 
sidering mechanizing some of the mail-handling and sort- 
ing processes. Manpower is used in three main spheres, 
namely the public counters, the collection and delivery 
services, and the sorting offices. One-third of the total 
is expended in the sorting offices, and this has proved to 
be the sphere where the greatest progress in mechaniza- 
tion is possible. 


Transport of mails 

The collection of mail from post boxes and, after 
sorting, dispatching it to railway stations or the addres- 
sees’ premises are done by the postal motor-transport 
fleet, comprising about 15000 vehicles. Many experiments 
have been made, beginning in the year 1900, to justify 
the use of electric vans on certain routes, but these vans 
proved to be uneconomical. 

There were also difficulties in segregating a sufficient 
number of suitable routes to employ a self-contained 
electric fleet. During the past 30 years, however, much 
use has been made of electric battery trucks and tractors 
for transporting mail from the sorting offices to the 
nearby railway stations, while in the last five years 
several hundred pedestrian-controlled electric vans 
(Fig. 1) have been provided for delivery of parcels. 

Where a sorting office is near a railway station, con- 
siderable mechanization has been achieved in transport- 
ing mail between the sorting office and the station. This 
has been done by directly connecting the sorting office 





1 A pedestrian-controlled electric van 
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More than 70% of the total annual cost of the British postal 
service is devoted to manpower expenses. Mechanization 
thus offers attractive possibilities in attempts to make the 
service more economical. This article describes the efforts 
made by the Post Office to mechanize the handling, facing 
and sorting of mail and gives an account of experiments in 
letter coding. The authors are in the Post Office Engineering 
Department (Power Branch and Research Branch 
respectively). 


R. S. PHILLIPS, Mempber, and 
G. N. DAVISON, B.sc.(ENG.), ASSOCIATE MEMBER 





and the railway platforms by underground tunnels or 
overhead bridges with systems of conveyors, chutes or 
electric lifts. 

A notable step in transport mechanization was the 
bringing into service of the Post Office’s automatic 
underground electric railway in 1926. This railway is 
6-5 miles long and runs at a depth of about 70ft below 
the streets of London, from the Eastern District Office 
in Whitechapel Road to Paddington Station, with six 
intermediate stations. The railway supply is 440V d.c., 
obtained from 400kW rotary convertors or rectifiers that 
are fed from the 3-phase 6-6kV public-mains supply. 

The trains carry bags of mail between the various 
stations at a maximum speed of 35 m.p.h., deceleration, 
stopping and starting being automatic. This railway has 
proved of great value, particularly during fog and heavy 
street congestion, and now carries 600000 mail bags 
weighing 4000 tons every week. 

Movement of mail in the sorting office, from the 
unloading platforms to the sorting positions, is effected 
by various types of machinery. Travel on the horizontal 
or up slight inclines is by woven-cotton-band conveyors. 
Travel up vertical rises or steep inclines is by special 
vertical band-elevators, twin-band conveyors, bucket 
elevators, skip hoists or electric lifts. Movement down- 
wards is usually by straight, curved or spiral chutes. In 
recent years much use has been made of chain conveyors 
(Fig. 2), specially developed for transporting bags of mail 
or loose mail. 


Segregation 

Letter-rate mail collections are segregated into (a) 
short, thin items up to about 7}in. long, (b) longer, thin, 
narrow items, and (c) packets and very large letters. A 
segregator made at Dollis Hill in 1934, consisting of two 
reciprocating belts forming a sloping V-channel with a 
gap for letters along the base, was efficient but too slow. 
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2 Chain conveyor carrying bags of mail 


Further experiments were made with a long, sloping, 
rotating drum formed by driven rollers separated by 
narrow gaps. After the Second World War the drum 
machine was again used, but this time employing freely 
rotatable rollers and later fixed overlapping slats. Jam- 
ming in the letter gaps was finally prevented by using 
pivoted slats, balanced to open the gaps much wider at 
the top of their travel, to release any wedged packs of 
letters. 

The flow of mixed mail emptied from bags is evened 
out by the steepness of a conveyor feeding the elevated 
mouth of the drum. The gaps between the drum slats 
allow letters up to jin. thick to pass through to the next 
stage of segregation while the packets emerge from the 
lower end of the drum. This drum segregator has an 
average output of 1000 items per minute. 

Before the Second World War, the Post Office tried 
two methods of separating large and long letters from 
short letters. One made use of sprung ‘snatch’ rollers, 
fixed slightly above the flow of normal letters, to extract 
the large letters from the main stream. The other method 
comprised a long-letter segregator with pairs of feed 
rollers set too far apart horizontally for short letters to 
bridge the gaps. The experimental equipment now at 
Southampton employs both of these principles. 

Large letters are reassembled with the packets for hand 
cancelling. Long narrow letters and short letters are 
automatically formed into separate stacks, the former for 
machine cancellation and the latter for automatic facing 
and cancellation. Interlocking relays ensure that the 
various sections are started in the correct sequence to 
avoid local overloading. Light beams operating photo- 
cells across letter paths give warning of jams. 


Automatic letter facing 


Correctly affixed postage stamps can appear in any of 
four positions in randomly stacked mail. The problem is 
to locate the stamps, to rearrange the letters with their 
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stamps all in one corner facing in the same direction, 
ready for cancellation, and, in addition, to segregate 
printed-paper-rate mail from fully paid mail. Since 1934 
the Post Office has studied stamp detection and also the 
problem of producing a spaced stream of letters. The 
impracticability of reversing the wide variety of letters 
end to end in the direction of motion was demonstrated, 
but it was relatively easy to turn them about an axis in 
the direction of motion. 

The special treatment of stamps to aid detection was 
studied, but the main effort was devoted to photoelectric 
detection of the difference in reflectivity between various 
stamps and envelopes. The use of a large scanning aper- 
ture caused undesirable dilution of the stamp colour 
density. 

On resumption of work in 1947, the pre-war machine 
was rebuilt and tested with live mail at a new laboratory 
at the Mount Pleasant sorting office. The scanners proved 
inadequate, and mechanical difficulties prompted adop- 
tion of a lower output target of 350 letters per minute, 

A new machine tested in 1950 employed smaller 
scanning apertures and compared stamp reflectivity with 
a fixed datum representing envelope reflectivity. 

Experiments using 3-colour and 2-colour discrimina- 
tion to pick out the printed-paper-rate stamp proved this 
technique to be unreliable. Two methods of electrical- 
conductivity discrimination were next tried to facilitate 
segregation of printed papers using (a) 2d. stamps im- 
pregnated with pure sodium chloride and (b) stamps with 
one or two colloidal-graphite lines on the back under the 
gum. 

The latter showed promise in live trials at Southampton, 
but phosphorescent lines printed in photogravure over 
the stamp colour were finally preferred. The latest 
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3 Automatic letter-sorting machine 


machine built by the Post Office is now automatically 
facing and cancelling about 94% of the Southampton 
mail by a combination of the reflectivity- and phosphores- 
cent-detection methods. Its output is 360 letters pet 
minute; 2d. stamps bear one phosphorescent line and 
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other low-value stamps two lines, enabling nearly all 
printed papers to be segregated. 

Light beams at selected points detect the passing of 
letters and operate valve triggers via phototransistors. 
The triggers gate the scanner outputs so that only signals 
from areas of envelopes expected to bear stamps are 
accepted and interpreted to give information about the 
letter’s class and position. Cold-cathode-triode shift 
registers, stepped synchronously with the conveyor, carry 
information from all scanners to a common analysing 
point where the appropriate setting of stack-diverters is 
decided. 

Segregating and automatic-facing machines are now 
being built to the pattern of the experimental machines 
at Southampton and will be installed in other offices 
during 1961. 


Letter sorting 


A man’s reach limits manual-sorting fittings to 48 
boxes, but to provide more selections many letters are 
sorted two or three times in the same office. This work 
demands considerable knowledge and is slow and physi- 
cally tiring. Several suggestions to mechanize letter 
sorting were made and tried before the 1914-18 War, but 
none was successful. In 1928 the Post Office consulted 
a number of firms, and three trial equipments resulted; 
only one, an assembly of sorting fittings with intermittent 
mechanical clearance, found any favour It was, how- 
ever, lost in the wartime fire at Mount Pleasant. 

Two Dutch Transorma sorting machines were installed 
at Brighton in 1935 and are still in use, although most of 
the working parts have since been renewed. However, 
some of their features do not fulfil British Post Office 
requirements. From 1935 to 1939 the Post Office engaged 
in research on mechanical presentation of letters to 
operators and on the provision of alphabetical keyboards. 

When research recommenced after the war, the long- 
term aim was to mark envelopes with machine codes for 
use in automatic-sorting machines. 

As an interim stage the Post Office built two types of 
operator-controlled 120-selection sorting machine. These 
provided mechanical presentation of letters, unrestricted 
reading time and free choice of the keying instant. The 
operators memorized 120 combinations of pairs of keys. 

The first machine, which had six operator positions, 
utilized an aggregating conveyor system that carried the 
letters on edge in open channels at 330ft per minute. 
The machine was electronically controlled, the main 
memory comprising cold-cathode-valve shift registers. 

The second machine was a single-operator machine 
having a roller-conveyor system which carried the letters 
lying flat with a long edge foremost. While the main 
memory consisted of pinwheels, the remaining control 
and translation functions were performed electronically, 
mainly by cold-cathode valves and thyratrons. Twenty of 
these single-operator machines (Fig. 3) are now in use at 
different offices. Ten are at Norwich, where they handle 
all the short-letter traffic. 
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4 Phosphorescent code-marking of letters (spots are at the 
lower-right edge) 


Experimental code-marking of letters 


The two problems are to represent addresses by short 
alpha-numeric address codes and to select a machine 
code for use in automatic sorting. It is hoped that the 
public will be prepared to add to the normal address a 
simple code specified by the Post Office. To this end, an 
experiment was started in the Norwich area in October 
1959, and is progressing favourably. The address code 
put on the envelope—such as ‘NOR 45D’ representing 
the post-town Norwich by ‘NOR’ and a street or building 
by ‘45D’—is copy-typed by the machine operator. 

When an envelope does not bear such a code, the 
operator must derive a code from the address by some 
simple rule, and such a code-extraction system is on trial 
at Southampton, Luton and Norwich. The method being 
used at present is as follows: 


(a) From the post town the first three and the last two 
letters are keyed. There have to be a few exceptions to 
avoid ambiguities and to speed heavy selections 

(b) From the street name, the first two and the last two 
letters are keyed, plus the first letter of the type of 
thoroughfare, e.g. ‘R’ for Road, ‘C’ for Close. 


The machine code must be distinguishable from all 
other markings on an envelope, and a phosphorescent 
marking, which exhibits a visible afterglow following 
removal of ultraviolet irradiation, has been designed 
after lengthy research. 

In a trial that began at Luton in June 1960, the 
phosphor is coated, in a thermoplastic resin, onto a 
paper tape and transferred to the envelope by a quick 
light pressure of heated code pins. The outward and 
inward machine codes are both 12-digit binary codes with 
the addition of a start digit and a parity digit. The spots 
(Fig. 4) are approximately tin. x ¢;in. and are barely 
visible in ordinary light. The design of the coding desks 
and automatic-sorting machines in the Luton experiment 
was based on the Post Office single-position direct- 
sorting machine already in use. A few primary selections 
are made by simple conveying machinery between the 
coding desks and the multi-selection sorting machine. 
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Keyboard signals are registered on cold-cathode 
valves in a common electronic translator, capable of 
serving many coding desks and sorting machines on a 
time-sharing basis. A transistorized distributor and 
counter in the translator transfer the five or six character 
signals of an extraction, or public, code to the ‘write’ 
windings of appropriate binary magnetic cores in a 
succession of alpha-numeric columns that form the 
decoding matrix. 

The cores are wound in clock-spring form with thin 
tape made from a nickel-iron-molybdenum alloy deve- 
loped at Dollis Hill. The matrix of cores is threaded by 
up to 4000 ‘read’ wires, one for each translation, and any 
one coil can accommodate about 500 wires. 

A 30s ‘read’ pulse, applied to the matrix by a tran- 
sistor monostable blocking-oscillator, produces a rela- 
tively large flux change in cores not already set by 
keyboard signals, so that the one ‘read’ wire threading 
five ‘set’? cores can be distinguished from all others. To 
recode the information in binary form, a ‘write’ wire 
threads the appropriate cores of a set of 13 that represent 
the binary digits. 


Parcel sorting 


A parcel-sorting machine, which was designed in 1939 
by the Post Office in collaboration with a contractor, did 
most of the sorting automatically by mechanical means, 
but it was destroyed during the Second World War. A 
larger machine of a similar type, however, was installed 
at Leeds during 1959. It comprises 16 sorter positions, 
each having access to 24 secondary-conveyor outlets. 
The parcels are delivered to the sorter’s position by a 
system of conveyors and are then fed to him on a slow- 
moving band conveyor with a start—-stop switch under his 
control. 

After reading the address, he presses the appropriate 
code button of the 24 available and places the parcel on 
an automatic trapdoor that gives access to the distri- 
buting-hopper train travelling under the sorting position. 
The pressing of the operator’s button drops an electro- 
magnetic release at the appropriate secondary-conveyor 
position. This release opens the hopper bottom and so 
discharges the parcel onto one of the secondary con- 
veyors. Each operator can sort at a rate of about 1000 
parcels per hour. 

The Post Office has also developed another type of 
parcel-sorting machine in which the parcel is carried in 
a tray around a horizontal track that passes the various 
secondary-discharge points. Parcels are automatically fed 
to the sorter’s position by conveyors, the coding being 
done in a similar manner to that in the foregoing machine. 
In this case, however, the operation of the code button 
sets a mechanical code bar under the parcel tray, and this 
determines the secondary position at which the side of 
the tray will automatically open and allow the parcel to 
slide off its sloping base onto the secondary conveyor. 

A third type of machine, based on an Australian design, 
is also being built, in which the parcel travels on a con- 
veyor belt that is tilted transversely so that the parcel can 
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slide off the belt at the secondary position through q 
hinged flap in the conveyor side. 


Further mechanization 


Many different types of machine have been developed 
for assisting the clerks at public-office counters. Ip 
addition to the well known machines for issuing stamps, 
other machines for issuing postal orders and parcel labels 
and for giving change and counting coins have been 
installed in large numbers. About 36000 franking 
machines are used in private premises, and these relieve 
the Post Office of the work of issuing stamps and the user 
of affixing, holding and accounting for stamp stocks, 

Machines for cancelling stamps and counting the 
number of letters at the rate of 700 per minute are 
installed at most sorting offices. Some of these machines 
are being modified so that they can automatically 
sense special marks on envelopes (such as those of 
pools firms), and so automatically divert certain mail 
from the main stream. 

Several types of machine have been introduced for 
automatic tying of letters into bundles for ease of trans- 
port, and others for tying bundles of empty mail-bags 
after cleaning at the bag-cleaning depots. The cleaning of 
bags has been done automatically for about 30 years, and 
several different types of machine are now in use. The 
latest consists of a drum which rotates about 30 dirty 
bags for five minutes, during which time the dust is 
extracted by a fan and filters. 
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Summary 


A short account has been given of the efforts made by 
the British Post Office to mechanize the transporting, 
stamp cancelling, facing and sorting of letter and parcel 
mail. Some of the machinery and processes used have 
been described, and reference has been made to the 
experiments now being undertaken in the code marking 
of letters by machine and by the public. 





NEW HEAVY-DUTY CAPACITORS 


CIENTISTS at the Atomic Weapons Research Establish- 
ment, Aldermaston, have developed 10kV 10uF capaci- 

tors, capable of realizing currents up to [MA with minimal 
energy storage (5000J) and having a very small rise-time. 

The device uses low-inductance connections consisting of 
metal-foil strips separated by very thin insulating material 
(0:006in. for 10kV; 0-06in. for 100kV). The capacitors are 
for use in controlled thermonuclear research, high-speed 
photography, and high-temperature shock tubes employed 
for hypersonic-flight research. 

One unit was charged and discharged through a low- 
inductance switch 10000 times without a breakdown. 
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ERROR CORRECTION IN DIGITAL DATA TRANSMISSION 


HE accurate transmission of data at high speeds over 
long distances is frequently required in modern 
systems. Air-traffic-control and air-line-ticket-reservation 
systems are obvious examples. In fact, this requirement 
arises in any of the teleprocessing applications that are, 
at the moment, so often discussed by computer engineers. 
The idea is that it is more economical to have, for 
scientific applications, one large central computer and 
to allow users to share it and to operate it remotely 
from where they are situated. In just the same way, 
business problems can often best be solved by having a 
central file and data-processer, with which all branches 
of a large business are in contact. 


Electronic computers 


Data for electronic computers are usually prepared in 
the form of zeros and ones. This is because, for electrical 
reasons, computers employ two-state components, and 
it is convenient to describe these states by zero and one. 
Thus, conductors either have current flowing in them or 
not; magnetic cores are magnetized in one direction or 
the other; and so on. 

The preparation of data in this form is no hardship. 
For example, a suitable input medium for computers is 
punched cards, and, of course, combinations of holes 
are punched in these from a keyboard using a card 
punch. When a deck of suitably punched cards is 
assembled, they are fed into the computer through a 
card reader. In a teleprocessing application, the pro- 
cedure is often similar except that the card reader is 
situated where the data are generated while the computer 
may be several hundred miles away. The problem is to 
transmit the data accurately and cheaply over this 
distance. 


Telephone systems 


It is clear that in the existing telephone network 
there is already a world-wide communication system, 
and it is obviously a very attractive proposition to use it 
for this new purpose. Unfortunately, telephone systems 
were designed for the transmission of speech, and speech 
is intelligible in the presence of all sorts of noise. There- 
fore, not surprisingly, the existing lines are rather poor 
for the transmission of data. 

This naturally leads to an important distinction 
between speech and data. Data arise in the form of 
sequences of zeros and ones, coming, as has been sug- 
gested, perhaps from punched cards. These sequences 
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Problems concerning the automatic correction of errors 
arise in the important field of data transmission. This 
article shows some of the ways in which the problems 
are solved. 

The article is based on a lecture given at a meeting of the 
Southern Centre of The Institution at Southampton on the 
8th November 1960. The author is with IBM British 
Laboratories. 
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may be sent over telephone lines as pulse chains, and it 
is customary to use phase or frequency modulation for 
this purpose. Often every pulse in this chain is sig- 
nificant, so that, if noise introduces an error, the wrong 
data will reach the receiver and this fact will not be 
recognized. 

This is in contrast with speech, which is highly 
redundant. This means that words are often very different 
from each other in sound, so that even if a word gets 
distorted it is still clear which word it is meant to be. 


Block codes 

This suggests the general idea of a block code for 
the transmission of data. The message is split up 
into blocks of pulses, and to each block are added 
some more pulses that depend on information pulses. 
This block of information is now said to be coded, and 
it corresponds exactly to the word that arises in speech. 
Clearly, not all received messages are valid, in the same 
way that not all words that one hears are meaningful. 
However, it will probably happen that the received 
message is more like the correct message than any other, 
so it is possible to decide at the receiver what the correct 
message should be. 

Fig. 1 shows this idea in operation. Fig. la is the 
sequence it is required to send, i.e. four pulses; Fig. 1b 
shows the coded sequence that is, in fact, sent, i.e. seven 
pulses; Fig. 1c shows the sequence that might be received 
if the third digit were in error. Now, provided that the 
coded sequences are chosen properly, as indeed they 
may be, Fig. Ic will still look more like Fig. 1b than like 
the coded form of any other message, so it is possible 
to say that the message sent was indeed the sequence 
shown in Fig. la. 

Of course, no coding system is entirely foolproof, 
and, no matter how sophisticated the code, there will 
always be some errors that escape correction. 
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1 Typical pulse sequences 


a uncoded message 
b correctly coded message : 
c coded message containing a single error 


Error detection 


The analogy with speech has suggested the idea of a 
block error-correcting code. It has also suggested some 
other useful ideas. If in speech the word received is so 
distorted that it resembles nothing, the hearer is at 
liberty to say ‘What did you say?’ The word may then 
be repeated. In this case the hearer has detected an error 
but has been unable to correct it. In exactly the same 
way, in coded-data transmission, it is possible, if the 
received message is not valid and is completely unlike 
any valid message, to indicate an error without being 
able to correct it. This illustrates the idea of a block code 
that corrects minor errors and simultaneously detects 
major errors. 


Two-level codes 


One other useful analogy may also be drawn. Speech 
consists not of isolated words but of meaningful sen- 
tences. Even if a single word is wrongly interpreted in 
spite of the inherent redundancy, there is sufficient 
redundancy in the sentence to allow a good guess to be 
made at what the sentence should really be. 

This introduces the idea of two-level block coding. 
Small blocks are coded as previously described and then 
treated as symbols in a larger message. The large message 
is coded by taking a big block of the small blocks and 
adding some more redundant small blocks. At the 
receiver, the small blocks are corrected as they are 
received and then afterwards the large block is corrected, 
so that even if the correction process fails for one or two 
of the small blocks the entire message is corrected 


properly. 


System philosophy 
These are the kinds of possibility that coding offers. 


The optimum scheme seems probably to be some multi- 
level one. However, for the present it is interesting to 
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discuss the merits of single-level detection and correction 
codes. A code that is entirely error-correcting suffers 
from the defect that a major error may cause the message 
to look more like some other valid message, so that the 
attempted correction not only leaves behind the errors 
but also introduces some new ones by the false correction 
process. 

On the other hand, if a detection system is used, a 
return transmission channel must exist along which a 
command for a repetition may be made; time will be 
lost in this repetition, and, worst of all, simplicity is lost 
because of the problems of synchronization. 

It seems that the best system depends on the nature 
of the errors that occur. If minor errors occur frequently 
together with rare major ones, a combined correction 
and detection code seems a good one. If, however, the 
only errors that occur are major ones, a detection code is 
required. 


Requirements of system 


This introduction explains the philosophy behind the 
attempt to build some practical coding and decoding 
equipment. In any practical system, the coding and 
decoding equipment must be as elementary as possible, 
otherwise it will be too expensive. In certain cases where 
the line feeds a computer or data-processing machine, 
the computer itself may be employed to do the decoding, 
but even then simplicity is still a great advantage. 

One requirement, however, that cannot be avoided is 
for some storage of information in the decoder. Before 
the whole of a message block has arrived at the receiver, 
it is not clear whether the message is a valid one or not, 
so correction cannot take place until all the message has 
arrived. Therefore, the decoder must at least have 
capacity to store the received message. 


Errors to be corrected and detected 


The code should be designed so that it corrects or 
detects the errors that are going to occur in practice. 
Any code will correct or detect certain errors in the 
message, and the number of these depends on the amount 
of redundancy that is added to the message. In a prac- 
tical code, one requires that the redundancy should be 
as low as possible and yet that all errors that will in 
fact arise should be detected or corrected. This is rather 
analogous to deciding what modulation system it is best 
to use in the presence of a known sort of noise, because 
a system that combats one sort of noise will probably 
not be effective in the presence of another sort. 

This consideration leads to a discussion of the sort of 
noise that arises in telephone networks. On this there 
seem to be many opinions. This is not surprising, because 
noise is introduced by many causes, and, if each cause 
produces its own distinctive error pattern, the complete 
error pattern will be rather obscure and depend very 
much on the number of exchanges the signal passes 
through, the quality of soldered joints, the activity of 
maintenance engineers, and so on. 


JOURNAL I.E.E. 











the 


JU 





tion 
fers 
Sage 
. the 
TOTs 


le is 


the 
ling 
and 
ble, 
ere 
ine, 
ing, 


d is 
fore 
ver, 
not, 
has 
ave 


or 
ice. 
the 
unt 
race 


| in 
ther 
best 
use 
bly 


t of 
vere 
use 


lete 
very 
Sses 
y of 


E.E. 





However, there seems to be some evidence for sup- 
posing that bursts of errors occur. A burst of errors does 
not mean a string of successive errors, but a group of 
pulses some of which are wrong. 


Cyclic codes 

A set of codes has recently been devised that has all 
the virtues of extreme simplicity and is very efficient 
for correcting such bursts of errors. The same codes 
and the same equipment may also be used in an alter- 
native mode for detecting pairs of such bursts, as well 
as for detecting many other error configurations. The 
same codes and equipment may also be employed in 
a third mode where short bursts are corrected and the 
rest of the redundancy is used for detection. There is 
also a set of double-error-correcting codes that lies 
within the same framework and that may again be used in 
correction or detection modes. 

The theory of the codes is fairly complicated, but the 
general idea will be indicated. The encoders and decoders 
consist just of linear-feedback shift registers. Fig. 2 
illustrates such a register. Zeros and ones circulate 
through the register shown, while the box labelled ‘+’ 
forms the parity of its inputs. The fundamental idea is 
such that, if the register is initially empty and a correctly 
coded message is fed along the channel labelled ‘input’, 
then, when all the message has been received, the register 
is again empty. 

In the decoder, this property is exploited by examining 
the contents of the shift register when the message has 
been received. What it contains, if other than zero, is 
an indication of the nature and position of errors. The 
encoder is so constructed that the condition is forced on 
the message as it is encoded, and this is what determines 
the check digits. 

The coding shown in Fig. 1b is achieved by the use 
of the shift register shown in Fig. 2. The message of 
Fig. lb may be described by the sequence 0110001. 
When the message is fed along the input channel shown 
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in Fig. 2, the successive contents of the shift register are 
as indicated. Since the last contents are 000, this shows 
that the message is correctly encoded. 

Within this general system, the freedom one has is in 
choosing the length of the basic shift register and in 
making the feedback connections to it. As these are 
varied, so the whole set of codes whose properties are 
indicated is produced. 


Summary 


The ideas presented here have formed the basis 
of nearly all coding work. Hitherto, however, a major 
problem has been the complexity of the equipment 
required. In contrast, the new shift-register codes are 
attractive because of their simplicity. It is an interesting 
fact that nearly all previous codes may be transformed 
into shift-register codes. In this form they are as powerful 
as they were before, but the equipment is much easier 
to build. 

This article has introduced the idea of coding. If it 
turns out, as seems likely, that the use of codes enables 
the existing telephone system to be used for data trans- 
mission, the implications are enormous. Cheap, fast 
transmission makes remote computing a very attractive 
proposition. 





R.A.E. HOLD OPEN DAY 


HE Royal Aircraft Establishment, Farnborough, held an 

Open Day on Friday, 9th June 1961. There were more 
than 100 exhibits, accompanied by the roar of jet aircraft 
overhead. 

There were four electrical-engineering displays. Under 
‘Generation and conversion of electrical power’ were a range 
of aircraft generators and inverters, a demonstration showing 
the effect of non-linear loads on inverters, a voltage-reference 
unit for generator control, an exhibit of load-sharing between 
d.c. machines, and a demonstration of the measurement of 
brush sparking in d.c. machines. 


Power from light 


In the power-distribution field, exhibits included: aircraft 
cables, plugs and sockets, a centralized warning system, and 
distribution accessories. ‘General research’ contained a 
demonstration of a static inverter, control and protection 
equipment using semiconductors, a static frequency con- 
vertor, a demonstration of bidirectional counting using the 
moiré-fringe technique, a detector to record the presence of 
explosive vapours, and silicon solar cells. A miniature auto- 
mobile was seen to operate on the power absorbed from an 
ordinary tungsten photographic lamp; the output of the 
25 solar cells mounted on the bonnet of the car was about 
0-4W at 12V. 

Under ‘Testing’ were displayed a generator test house, used 
to simulate conditions at high altitudes; a typical V-bomber 
a.c. generating system; an exhibit showing the effect of brush 
position on the stability of a d.c. system; and a range of 
aircraft main generators from which brushes, brush-gear, slip 
rings and commutators had been eliminated. 

The Day concluded with an_ experimental-fiying 
demonstration. 
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Annual General Meeting of The Institution, 1961 


T# PRESIDENT, Sir Hamish D. MacLaren, K.B.E., C.B., 
D.F.C.*, LL.D., B.SC., took the chair at the 89th Annual 
General Meeting of The Institution at 5.30 p.m. on the 
18th May 1961 at Savoy Place. The following list of donors 
to the Library for the year ended the 31st December 1960 
was taken as read: 


C. Adamson A. C. D. Haley M. J. Scroggie 

G. E. Atabekov N. G. Hingorani J. Sharpe 

W. Bamford K. A. Holes N. N. Parker Smith 
R. A. Bayetto E. Hughes R. A. Smith 

D. A. Bell H. A. Miller R. Syski 

J. F. Bergmann I. S. Mukhin P. L. Taylor 

J. B. Birks E. A. Reeves V. A. Venikov 

H. Carter J. Roberts G. O. Watson 

J. Greig P. Rousseau J. C. West 


The President introduced the Annual Report (p. 414), 
which was now in a considerably abbreviated form. He 
hoped that this new look had succeeded in its object of making 
the Report more readable. 

The Council had continued to promote and encourage 
joint activities with other bodies. In particular, proposals 
to achieve closer collaboration with the sister leading engi- 
neering institutions would be laid before the Council in the 
near future. 

The 4th edition of the Regulations for the Electrical 
Equipment of Ships had been published during the year after 
receiving approval from the Council. In view of his lifelong 
professional interest in the electrical equipment of ships, it 
was particularly gratifying to him that this task had been 
completed during his year of office. 

He proposed and Mr. C. G. A. Woodford seconded the 
reception and adoption of the Annual Report. 

Mr. L. W. Phillips referred to his suggestion two years 
earlier that a memorial plaque to the first lady member, 
Mrs. Hertha Ayrton, should be placed in the Institution 
building, and asked whether the Council had taken any 
action. 

A central portion of the Library had been set apart with 
armchairs for smokers, but he would prefer armchairs for 
everybody in the Library, and no smoking, but a special 
smoking-room, with refreshments available, even freely, 
elsewhere. He was glad to note the growth of the Education 
Discussion Circles. 

It had been pointed out that the National Certificate 
scheme was in the main an avenue for training for technicians 
and that the tendency was for membership of the professional 
institutions to be restricted to those who had had a university 
training. He thought that was much too narrow, because very 
often a university training could make a man narrower in 
his outlook. There was room for another form of research— 
intuition. Discoveries were not made only through elaborate 
apparatus, through a mathematical examination or through 
great intellectual ability. There were information and genius 
that came in other ways. The Council should appoint a 
committee to deal with the method of intuition and to seek 
basic avenues other than those that were generally accepted— 
by research and scientific knowledge. 

Also, at the Opening Meeting of every session there should 
be some religious service at Westminster Abbey or the Royal 
Chapel of the Savoy, which members would be invited to 
attend. In recent years the country’s moral standards had 
declined. As engineers they were largely responsible for the 
decadence in relation to the effect of radio and television on 
morals. The Council should form a committee to consider 
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the moral attitude and the meaning of the research that wag 
going on, to indicate that they had some moral responsibility 
to God and their fellows in that respect. 

The President said that Mr. Phillips’s points would be 
noted. The question of catering would be examined again by 
the Council, and legal advice would be taken. The statistics 
of acceptance for membership showed that a very 
percentage still came through the Higher National Diploma, 
Higher National Certificate, etc. 

Mr. E. G. Goodhew asked whether, in view of the trend 
towards European integration and the free passage of goods, 
including domestic electrical appliances, across national 
frontiers, the Council would instruct their Wiring Regulations 
Committee to achieve uniformity with the rest of Europe in 
a reasonable time, say five years, first by trying to persuade 
the rest of Europe that our wiring-installation system was 
better, but if they failed in this, by modifying our system in 
line with those prevailing elsewhere ? 

The President first explained that the Wiring Regulations 
Committee had been progressively broadened to include 
representatives of all sides of the industry—supply, manu- 
facture, contracting, Government Departments, etc. The 
Council appointed directly only about a quarter of the more 
than 40 members. The recommendations of the Committee 
were the agreed recommendations of the whole industry, 
Having regard to the constitution of the Committee, the 
Council would not presume to instruct them to adopt any 
particular policy. 

Mr. Forbes Jackson, Chairman of the Wiring Regulations 
Committee, said that the Committee had given much thought 
to this matter and to its possible consequences. A proposal 
that appeared to be convenient to one section of the industry 
might look very different to a Committee representing the 
whole industry, whose terms of reference were to establish 
the minimum requirements to ensure safety from fire and 
shock. 

There were fundamental differences between the British 
and Commonwealth methods of installation on the one 
hand and those in use in some Continental countries on the 
other. All the countries concerned in Europe were highly 
developed electrically, and to try to introduce another system 
in one or more of them could lead only to confusion and 
danger unless someone were prepared to meet the expense of 
changing existing installations. Clearly, such a change was 
quite outside the scope of a voluntary code of wiring rules 
such as we had in Britain. It could be done only by legislation. 

But there was no difficulty in making appliances that 
could safely be used on any system. Such appliances were 
fitted with the type of flexible that the wiring system and the 
regulations of the country required. The Committee had 
always been willing to consider any step of standardization 
that would add to the safety of the user in Britain. They had 
recently taken a full part in negotiations that had resulted in 
the general acceptance in all Western European countries, 
including the United Kingdom, of an agreed colour coding 
for the earth core of appliances. 

Mr. M. G. Scroggie supported Mr. Phillips with regard to 
smoking in the Library and the availability of refreshments. 
He approved the new form of the Annual Report, with its 
many pictures. But, while following that popular trend of 
publication, should they not be business-like enough to 
have an agenda? 
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Mr. P. Wood referred to the Membership section in the 
Report, in which it was stated that 629 candidates for 
membership had been interviewed by representatives of the 
Council. This corresponded to an increase since 1949 of 
approximately 5000 %, compared with an increase in Institu- 
tion membership of about 35%. Was this very large increase 
due to a fall in the standard of engineers applying for 
Corporate membership ? 

Mr. A. H. Mumford, Past-Chairman of the Membership 
Committee, said that, in order to be fair to candidates for 
election or transfer, they had resorted to the interview some- 
what more. It was much better to give the man the opportunity 
of putting his full case before, first of all, the people who 
interviewed him, who would represent it to the Membership 
Committee and then to the Council. 

Mr. Maynard asked whether the Council had considered 
changing the title of Member to Fellow and calling all 
Corporate members Members. It seemed strange that such a 
large Institution had such a small percentage of true Members. 
He suggested also that arrangements should be made for 
parties of members to be taken on a conducted tour of the 
reconstructed Institution building and shown the facilities, such 
as the amplification arrangements, the projection system, etc. 

The President said that the membership titles were examined 
from time to time, but they would be loth to take unilateral 
action and would want to move in step with the sister 
Institutions. The building was one of the features of the 
Summer Meeting, but in addition to that the Secretary, on 
application, would always be glad to arrange for a conducted 
tour, preferably of a party of members. 


The motion for the reception and adoption of the Annual 
Report was carried unanimously. The President then presented 
the Statement of Accounts for the year ended 31st December 
1960 and moved that the Accounts be received and adopted. 
Cmdr. R. C. R. Brooke seconded the motion. 

Mr. D. B. Welbourn wanted the names of the President 
and Council appended to the Accounts. The President 
pointed out that these names were listed in the issue of the 
Journal in which the Accounts were included. 


The new Council Room, Savoy Place 


JULY 1961 


Mr. S. N. Ray thought that the rapidly mounting cost of 
participating in visits and symposia would make it more and 
more difficult for younger and not-so-rich members, particu- 
larly those in educational institutions, to take part. 

The President said that the Council had a rule that 
symposia and conferences had to be economically self- 
supporting. They might consider making a reduced fee for 
Student and Graduate members, but it would be impossible 
to differentiate on any other basis. 


The motion for the reception and adoption of the Accounts 
was carried unanimously. 

Mr. A. C. Thirtle proposed that the best thanks of The 
Institution be accorded to the Honorary Secretaries of the 
local Centres and Sub-Centres, the Council’s Representatives 
oversea, and the Honorary Secretaries of Oversea Branches 
and Committees for their valuable services during the past 
year. He said that there were 22 Honorary Secretaries of 
Centres and Sub-Centres, 29 Oversea Representatives of the 
Council, and 11 Honorary Secretaries of Oversea Branches 
and Committees. They sent out circulars to members about 
various things, and did not get replies. They arranged various 
social gatherings, and people complained about the arrange- 
ments made. They got more kicks than halfpence. But most 
members appreciated the work that they did. Their normal 
term of office, if they managed to survive the period, was 
seven years, and it was seven years of really hard work. 

The motion was carried unanimously. 

Mr. Mumford proposed a vote of thanks to the Honorary 
Treasurer, Mr. C. E. Strong. He said that they all had much 
confidence in Mr. Strong. He was a modest, retiring kind 
of chap. He had nearly said ‘fellow’, but that might have 
put him in the wrong grade for the moment. 

The motion was carried unanimously. 

The reappointment of Allen, Attfield and Co. as auditors 
for 1961-62 concluded the business of the Annual General 
Meeting, and Mr. J. A. Ratcliffe gave a lecture on ‘Experi- 
mental investigation of space’ (see p. 472). An article based 
on the lecture will appear in the Journal in due course. 
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ANNUAL REPORT FOR 1960-6] 





REPORT OF THE COUNCIL PRESENTED AT THE ANNUAL GENERAL MEETING 
OF THE INSTITUTION ON THE 18th MAY 1961 





INTRODUCTION 


His, the Council’s report to members for the year ending 
31st March 1961, is to be presented at the Eighty-Ninth 
Annual General Meeting of The Institution. 

Membership continued to increase; the total for all classes 
is now 47422, net increase 2-59%. 

Reconstruction of the headquarters building is now 
complete, and the new amenities are in full use. 

Activities were at a high level; an International Conference 
on Medical Electronics was well attended; there were sympo- 
sia and conferences as well as the usual sequence of Institution 
and Section meetings. 

Interest in engineering education and training was main- 
tained; changes in the Examination Regulations further 
facilitated the entry of candidates with a background of 
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physics, and much attention was given to training requirements 
for Graduates in the changing conditions of employment. 

The Council express, on behalf of all members, their 
gratitude for the services of the Honorary Officers of The 
Institution, without whom the work could not be carried on, 

The Council also express their warm thanks to the Secretary 
and his staff for their excellent work during the past year, 
particularly in view of the difficulties and discomfort resulting 
from the building reconstruction. 


MEMBERSHIP 


The Register 


5793 proposals for election and transfer were considered by 
the Membership Committee during the year; 2240 new 
members were elected, compared with 2708 in 1959-60. 

The total membership of The Institution on the Ist April 
1961 was 47422; 24999 being Corporate members, i.e. 52-72% 
of the total (Fig. 1), and of this total, 7957 members had 
registered addresses oversea. 629 candidates were interviewed 
by representatives of the Council under the Bye-law provision 
designed to enable a candidate the better to satisfy the Council 
that he fulfils the requirements. 

Seventeen Associates holding university degrees in fields 
other than electrical engineering, which were not accepted as 
satisfying the Examination Regulations current at the time of 
their election, were transferred to Associate Membership 
under the present Regulations. 

For Graduates who attain the age limit of 40 years without 
qualifying for transfer to Associate Membership the Council 
have agreed: 


(a) to consider sympathetically an application for an indefi- 
nite extension of membership if the Graduate had been elected 
before the upper age limit was introduced in August 1952; 
and 

(b) to extend until the end of the year in which he attained 
the age of 45, the membership of a Graduate elected after the 
introduction of the age limit, provided that there was a 
reasonable prospect of his qualifying for Associate Member- 
ship by that time. 


Members who have retired or who are of long standing 


During the year 196 Members, Associate Members and 
Associates who had retired from the profession were relieved 
under the Council’s rules from the payment of further sub- 
scriptions, having reached the age of 60 and having 25 years’ 
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The ceremony of welcome 







A newly admitted Corpo- 
rate member is received by 
the President and enjoined 
to do all in his power to 
maintain the high tradi- 
tions of The Institution and 
to promote the aims deno- 
ted in its Royal Charter 





continuous membership. Two Companions who had reached 
the age of 70 were similarly relieved. In addition, the sub- 
scriptions payable by 28 members were reduced by two-thirds 
and for 22 members by one-third, where membership had 
been for periods of between 15 and 25 years, under the 
extension of the rule introduced by the Council in 1959. 

The subscriptions of a further 71 members were remitted 
on their completing 50 years’ membership of The Institution. 


Misuse of Institution designations 

Satisfactory undertakings were received in 20 cases where 
designations of Institution membership had been wrongly 
applied. Members should bring any cases of this kind which 
come to their notice to the Secretary’s attention. 


INSTITUTION ACTIVITIES 


Programme 


One of the main features of The Institution’s programme 
was the Third Hunter Memorial Lecture by Dr. J. S. Forrest, 
M.A., MEMBER, On ‘The application of electronics to the 
electricity supply industry’, which was repeated in a number 
of Centres and Sub-Centres. The 10 Ordinary Meetings of 
The Institution held at Savoy Place were well supported. 
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Faraday Lecture 

The Faraday Lecture was delivered on 17 occasions to 
large audiences in London and 10 other towns throughout 
the British Isles by Mr. L. J. Davies, C.B.E., M.A., M.SC., 
MEMBER, on the subject of ‘Transistors and all that’. 


Lectures for young people 

The Christmas Holiday Lecture was given by Dr. R. L. F. 
Boyd, B.sC.(ENG.), MEMBER, who took as his subject ‘Space 
research by rocket and satellite’. The lecture was delivered 
twice, on the 3rd and 4th January 1961, and the total atten- 
dance was approximately 700. 


Specialized Sections 
The work of the specialized Sections continued to increase, 
as shown in the following statement. 


Number Average Number of 
Membership of attendance papers accepted 
(excluding (excluding 


3ist March Section 
19 meetings conferences) conferences) 


Electronics and 


Communications 6410 16 155 71 
Measurement 
and Control 3612 15 63 40 
Supply $729 9 126 20 
Utilization 5084 8 88 21 











Highlights 

The third international conference on medical electronics 
was organized by the Electronics and Communications 
Section in association with the International Federation for 
Medical Electronics from the 2Ist to 27th July 1960. Over 
750 registrations were received, with representatives from 
25 countries oversea, and there were more than 8000 visitors 
to the associated exhibition. 

Other conferences and symposia were the symposium on 
data handling in display systems for air-traffic control, 
8th April 1960; the symposium on electronic equipment 
reliability, 18th May 1960; and the conference on electronic 
telephone exchanges, 22nd—24th November 1960. 

Two of the meetings of the Electronics and Communica- 
tions Section were of very wide interest: the paper by 
R. Chaste and P. Cassagne on ‘Henri de France colour- 
television system’ accompanied by a demonstration of colour 
pictures originated in Paris, and the lecture by W. J. Bray, 
M.SC.(ENG.), MEMBER, On ‘The potentialities of artificial 
Earth-satellites for radiocommunication’. 

The main social events were the annual Dinner-Dances of 
the Sections. In addition, the Supply Section visited works and 
places of interest in Cardiff and Cambridge, the Utilization 
Section in Oxford and the Measurement and Control Section 
in Harlow. 


Institution social activities 


A conversazione was held at the Royal Festival Hall on the 
23rd June 1960, when about 2000 members and guests were 
present. 

The Summer Meeting took place in the Glasgow area from 
the 27th June to Ist July 1960, at the invitation of the Chair- 
man and Committee of the Scottish Centre, and was attended 
by 550 members and ladies. 

The Annual Dinner was held in London on the 23rd 
February 1961. 1495 members and guests attended; the 
principal guest was the Rt. Hon. Richard Wood, m.P., 
Minister of Power. 





Presentation from a local Centre 


The then President, Sir Willis Jackson, thanks the Chairman of the 
Scottish Centre, Mr. J. A. Aked, for the Centre's gift of a desk (matching 
a corresponding desk presented by the North-Eastern Centre) to be 
used when the attendance books are signed at Savoy Place 
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The Institution conversazione 


Guests examine a working exhibit of an electron microscope 





Special Advisory Committee 


The report to the Council of the Special Advisory Com- 
mittee, set up in October 1959, was published and sent to all 
Corporate members in October 1960. The Committee’s 
recommendations and the observations received from 
members on the report are under consideration by the 
Council. 


Activities of the local Centres, Sub-Centres and Graduate 
and Student Sections 

The present coverage of Local Centre activities is now such 
that there are few members who do not live within reach of 
one or other of the places at which regular meetings are 
arranged by our 22 Centres and Sub-Centres and 19 Graduate 
and Student Sections. However, in the more outlying areas, 
District Meetings are arranged and, although perhaps held 
only once or twice a session, these provide members in such 
areas with the opportunity of taking a direct part in an 
Institution activity. The Council are very grateful to the 
various Committees, and particularly to the Honorary 
Secretaries and Honorary Assistant Secretaries, who carry 
the brunt of the arrangements for these programmes, for the 
work they do for The Institution. 

As in past years, the President, accompanied by the 
Secretary, attended a number of the social functions in the 
local Centres and Sub-Centres, and in addition each Centre 
and Sub-Centre was visited by one or other of the Vice- 
Presidents. Two Graduate and Student Sections were visited 
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by the Secretary, and Mr. E. M. Hickin, ASSOCIATE MEMBER, 
Editor of the Students’ Quarterly Journal, visited a number 
of these Sections. 


Oversea activities 

The Oversea Branches and Committees in Australia and 
India continued to arrange meetings, social functions and 
visits appropriate to local conditions. In addition, full 
meeting facilities were provided for members in many other 
parts of the world through the Joint Groups of the three 
institutions. The year saw the conversion of a number of 
Joint Groups into Groups of Professional Engineers, which 








Professional engineers oversea 


The Chairman of the Ghana Joint Group, Mr. T. C. M. Wigg, makes 
a presentation to the Prime Minister of Ghana, Dr. Kwame Nkrumah 





were formed with the object of providing a common meeting 
ground for all engineers of professional standing in the 
localities concerned. Also, an agreement was concluded with 
the Engineering Institute of Canada regarding facilities for 
members of The Institution resident in Canada. Details were 
published in the September 1960 Journal. 

The Council express their thanks to the Oversea Repre- 
sentatives of the Council and to the Honorary Secretaries, 
not only for their work in arranging meetings and other 
activities but also for their help in membership inquiries and 
in the invigilation of examinations. 


Joint activities 

The Institution has continued its support of, and active 
participation in, a number of joint activities with other bodies. 
At home, these include the Parliamentary and Scientific 
Committee, the British Council and the British Standards 
Institution, to name but a few. Ways of achieving even closer 
collaboration with our sister engineering institutions are 
under discussion. In the international field, the Common- 
wealth Engineering Conference and the Engineering Con- 
ference of Western Europe and the United States of America 
(EUSEC) represent the main channels of liaison. 

The Council would like to take this opportunity of acknow- 
ledging with gratitude the valuable services of the many 
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members who represent The Institution on other bodies; a 
full list of their names was published in the January 1961 
Journal, and their appointments are also noted in the Journal 
as and when they occur. 


INSTITUTION BUILDING 


Work on the reconstruction scheme, which started in August 
1958, was completed in March 1961. During last summer, 
side wings and galleries were added to the Lecture Theatre 
which, with the new second meeting room (Faraday Room) 
and the new suite of committee rooms, was ready for the 
opening of the new session in October 1960. These were 
followed by the new Council Room, the enlarged Common 
Room and the Reception area (including waiting and inter- 
view rooms). Completion of the new centre bay on the front 
of the building gave a much improved entrance. 

The new facilities in the building represent the outcome of 
some 24 years of continuous change. During this time full 
occupation for meetings and office staff was maintained, but 
necessarily not without inconvenience, especially from noise. 
The Council thank not only the members but also the Institu- 
tion staff for their forebearance during this difficult period 
at Savoy Place. 

The costing and verification of the final stages of the 
rebuilding are in hand. It now appears that the total cost will 
be very close to the estimated figure of £400000 that was 
reported at the Annual General Meeting in 1959. Any further 
information which may become available will be given at the 
Annual General Meeting. 

The planning of the new rooms and their equipment has 
been the subject of much thought by the Building Committee, 
the architects and consulting engineers, and the staff of The 
Institution, and much skilful work has been carried out by 
the builders and specialist sub-contractors. 

Since 1946, when they took up their task, the Building 
Committee have met 41 times. After they had considered a 
number of proposals, the scheme now finished was finally 
recommended by the Committee, which since November 
1955 has been under the Chairmanship of Sir Gordon Radley, 
PAST-PRESIDENT. This scheme was approved by the Special 
General Meeting of Corporate members in June 1957. The 
Council wish to thank the past and present members of the 
Committee most warmly for their untiring services and the 
successful outcome of their labours. 


TECHNICAL ACTIVITIES 


The Wiring Regulations Committee prepared amendments 
to the 13th edition of the Regulations, mainly to take account 
of recent changes in British Standards, particularly the 
publication on the Ist March 1961 of a new Standard 
(B.S. 3346) for armoured p.v.c.-insulated cables and of a 
revised B.S. 2004 for non-armoured p.v.c.-insulated cables 
and flexible cords; the text of these amendments will shortly 
be transmitted to the Council for approval for promulgation. 
A ninth Abstract of Interpretations of the 13th edition was 
issued on the 15th February 1961. Over 126000 copies of the 
13th edition have now been sold. 

A draft 4th edition of the Regulations for the Electrical 
Equipment of Ships was completed during the year and is to 
be considered by the Council on the 6th April 1961 for 
approval for publication. Acting as the U.K. Committee on 
Electrical Installations in Ships, The Institution’s Committee 
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on Regulations for the Electrical Equipment of Ships have 
been preparing for the meeting of I.E.C. Technical Com- 
mittee No. 18 to be held in Stockholm in June 1961, at which 
the 2nd edition of I.E.C. Publication No. 92—‘Recommenda- 
tions for electrical installations in ships’ will be considered 
for circulation under the ‘six months’ rule’. 

Under the aegis of the Council for Codes of Practice, 
drafting is proceeding on these Codes of Practice: Earthing; 
Maintenance of electric-motor control gear; Installation and 
maintenance of dust-tight electrical equipment; Climate- 
proofing of electrical equipment; Electrical equipment for 
industrial machines; Measurement and abatement of radio 
interference in aircraft; The use of transistors and related 
semiconductor devices; and Cathodic protection. 

These Codes are under partial or complete revision: 


CP 321: Electrical installations—general | to be combined 
into a new Code 
CP 321.101: Electric wiring systems { CP 321: Electri- 
| cal installations 
CP 321.102: Installation and maintenance of electrical 
machines, transformers, rectifiers, capacitors and associated 
equipment 
CP 324.102: Provision of electric lighting in schools 
CP 326.101: Protection of structures against lightning 
CP 327.300: Sound distribution systems 
CP 327.404/402.501 : Electric fire alarms 
CP 1001: Abatement of radio interference caused by motor 
vehicles and internal-combustion engines 
CP 1003: Installation and maintenance of flameproof and 
intrinsically-safe electrical equipment 
CP 1004: Street lighting—traffic routes 
CP 1005: The use of electronic valves. 


A Panel of the Joint I. Mech.E./I.E.E. Committee on Model 
Forms of General Conditions of Contract made substantial 
progress with the preparation of a first draft revision of 
Model Form ‘A’—Home Contracts, with Erection, last 
revised in 1948. 

The Postmaster General’s Advisory Committee on Wireless 
Interference from Industrial, Scientific and Medical Equip- 
ment, for which The Institution, jointly with the Post Office, 
provides the secretariat, submitted a report to the Postmaster- 
General in July 1958 in respect of medical equipment, and it 
is understood that regulations based on their report are now 
being drafted. During 1960-61 the complex problems of 
interference from industrial radio-frequency equipment were 
further considered by a sub-committee, so that a report on 
this aspect can be similarly presented. 

A revision of the non-mandatory part of the British Civil 
Airworthiness Requirements dealing with voltage and 
frequency tolerances in aircraft electrical supplies was 
published by the Air Registration Board as a ‘Blue Paper’ 
on the 20th April 1960. On the 23rd June 1960, on recom- 
mendations by the Committee on Regulations for the 
Electrical Equipment of Aircraft, the Council approved for 
transmission to the Air Registration Board a revision of 
Chapter 6—Section J—Requirements for the avoidance of 
interference with compasses. 


EDUCATION 


Education Discussion Forum 


The Education Discussion Circles, which had operated 
independently in London and in the North Midland, South 
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Midland and North-Western Centres, were linked by an 
Education Discussion Forum, membership of which is open 
to any member of The Institution, and, on payment of a fee 
of one guinea per annum, to any others interested in education 
and training. Members of the Education Discussion Forum 
will receive notices of all Education Discussion Circle 
activities. 


Training Regulations 

Form ‘XIT’, on which applications for recognition of 
training are submitted, was revised, and the sponsor is now 
asked to state the extent and the manner in which, in his 
opinion, the Training Regulations have been met, rather than 
to declare, as hitherto, that ‘the candidate has satisfied the 
Training Regulations’. 


The training of graduates 


The Joint Committee on Practical Training in the Electrica] 
Engineering Industry revised the booklet ‘The training of 
graduates’. It now contains their latest views on graduate 
apprenticeship, and also on the training in a staff appointment 
recognized under the Training Regulations. The desirability 
of giving responsibility to graduate apprentices during their 
courses is emphasized. 


Scholarships 


The Oliver Lodge Scholarship (value £420 for one year) 
was awarded for a research investigation into the visco-elastic 
properties of liquids under alternating shearing stress using 
electrical methods. Eight student scholarships were also 
awarded. 

A small grant was made from the Mervyn J. P. O’Gorman 
Memorial Fund to a graduate visiting the Solid State Section 
of the Deutsche Akademie der Wissenschaften zu Berlin, to 
help his research at the University of Birmingham. 


The Institution Examination 


The number of candidates examined in 1960 is given below 
(the corresponding figures for 1959 are given in brackets): 


April-June October-December 

home abroad home abroad 

Part I . 50 (42) 124 (105) 41 (61) 15 (24) 
Part II 138 (160) 5§ (55) 75 (120) 16 (26) 
Part III 722 (403) 33 (45) 325 (96) 27 (27) 


The total number of candidates entering Part I through all 
eight constituent Institutions during the year was 2742 (2304); 
the Part I Examination figures shown above are only for 
those candidates who sought membership of The Institution. 


Recognition of physics graduates 


The Council have for some time recognized degrees in 
physics as meeting the education requirement for Associate 
Membership, subject to all the other Bye-law requirements 
being satisfied. The Council have now agreed to accept all 
honours degrees in physics awarded by universities in the 
United Kingdom for complete exemption from the Institution 
Examination for election or transfer to the class of Graduates. 
Physics students who intend to qualify for Corporate member- 
ship of The Institution by taking a degree in physics will now 
be able to become Student members during their under- 
graduate course. 
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National Certificates and Diplomas in electrical 
engineering 

The Higher National Diploma course showed a remarkable 
revival. In 1960, 270 candidates presented themselves for final 
examination, compared with 151 in 1959; 95% of these 
candidates were awarded the Diploma. The course is now 
planned as a route to professional qualification, and entrants 
are selected accordingly. 

Entrance for both Ordinary and Higher National Certifi- 
cate final examinations continued to grow, being, for the 
Higher Certificate final examination, 3753, with a 67% pass, 
and for the Ordinary Certificate final examinations 8415, with 
a 52% pass. While this scheme still provides a route to 
professional qualification, its main function will be to provide 
the senior technicians who are so badly needed. 

The Ordinary National Diploma, which is passing through 
aperiod of unpopularity, with only 34 candidates, is likely to 
see a corresponding revival, through the reorganization of 
these courses as Ordinary National Diplomas in Engineering, 
which will provide a much broader qualification for the 
engineering technician. 


Better opportunities in technical education’ 


The implementation of the White Paper ‘Better opportuni- 
ties in technical education’ will require considerable reorgani- 
zation in electrical engineering education. A more selective 
entry is expected to reduce the wastage on National Certificate 
courses, and to improve the general standard of students in 
the classes, making the teaching more effectual. 


Page and Goldup Prizes 


In the past the Page Prize was awarded to the student with 
the best performance in the final examinations for the Higher 
National Certificate. In future there will be two prizes, the 
Page Prize for the best student in a power engineering course 
and a corresponding prize endowed by the generosity of 
Mullard Ltd. for the best student in an electronics course, 
known as the Goldup Prize. 


Course in management studies 


The University of Cambridge announced the inauguration 
of anew course in management studies, to be run in collabora- 
tion with industry. This came about from discussions by a 
joint committee of The Institution and the British Institute 
of Management. 


PUBLICATIONS 


The Journal and Proceedings of The Institution 


All members receive the Journal free of charge. The numbers 
of non-members who subscribed for it, and of members and 
non-members who subscribed for the Proceedings, in 1960 are 
tabulated below. The numbers of pages in the Journal and 
the three parts of the Proceedings are also given. 

Figures for 1959 are included for comparison. 

The number of papers published in Parts A, B and C of the 
Proceedings was 155 (127 in 1959); this figure excludes 
addresses, lectures and progress reviews. In addition to the 
normal issues, there was a supplement to Part B (No. 19) 
covering the symposium on data handling and display systems 
for air traffic control, held in April 1960 (9 papers; 66 pages). 
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no. of pages | no. of members a ed 
1959 1960 1959 | 1960 | 1959 | 9 
Journal .| 757 | 767 | all members | 1880 | 1993 
Proceedings: 
ParttA .| 524 | 596 | 16209 | 15856} 2140 | 1961 
PartB .| 570 | 644 | 11912 | 11994} 2904 | 2899 
PatC .| 216 | 372 | 6419| 6176 | 1997 | 1854 
1310 | 1612 
! 


The Journal published 52 Letters to the Editor in 1960 
(27 in 1959), some of them, following a recommendation of 
the Special Advisory Committee of the Council, being on 
Institution affairs. 


Science Abstracts 


The Editorial staff are to be congratulated on the record 
numbers of abstracts published in both Sections in 1960; 
21407 in Section A, compared with 14016 in 1959, and 8537 
in Section B, compared with 7718 in 1959. A new cover was 
designed and was used for the first time on the January 
1961 issues. 


LIBRARY 


During the year new accommodation was brought into use, 
and in the final arrangement of the Reference Library there 
will be a central area with armchairs, where smoking will be 
allowed. 

The fall in the use made of the Library noted in 1959, and 
probably due to the building operations, has been arrested 
and the figure is now rising again. 

Seventy members took advantage of an opportunity, 
details of which were published in the December 1960 Journal, 
to acquire some 300 books which had not been borrowed 
since 1948. 


Statistics 


Reference Library 























additions to the Library 
readers 
year books pamphlets 
presented | bought | presented| bought | members a... 2 
1959 177 164 1368 | 50 4337 505 
1960 149 189 1314 | 123 4882* 364 
| 








* In previous years, this figure included members attending solely to borrow 
books; now that access to the new Lending Library does not necessitate passing 
through the Reading Room this factor no longer applies. 


Lending Library 
| 


borrowers’ 
tickets issued 


| books added to the 


year | Lending Library books issued | 








| 
1959 155 4768 | 1697 
1960 164 5137 | 1820 
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ACCOUNTS FOR 1960 


The Accounts follow the pattern established in 1959, in that, 
under the heading of Management, Salaries have been charged 
out to the various Departments concerned. A charge has been 
made against the Departments for accommodation, for 
which a corresponding credit has been shown under the 
heading of Institution Building. 

The increase in the net cost of Management during the 
year of only £2200 is most satisfactory, representing as it 
does the comparatively small percentage increase of 3-47%. 

The Institution building costs rose by £4200, partly because 
an increased ground rent is now payable, but largely because 
of the increased costs of heating and lighting, and house 
expenses. Increases here had been foreseen, since the third 
floor was in use during most of the year and it proved costly 
as well as difficult to keep the building reasonably clean 
during reconstruction. 

The next item of note is the Journal and Proceedings; here 
the net cost was reduced during the year by some £3300. This, 
of course, is due to increased revenue, mainly under the 
heading of advertisements. 

Most of the remaining items in the Accounts show small 
increases, but Local Centres and Legal Expenses show 
substantial increases in expenditure, while Education, 
Examinations and National Certificates show a large decrease 
in costs. 

Local Centre expenditure is higher, partly because of 
increased membership and partly owing to increased activities. 

The cause of the heavy increase in Legal Expenses is The 
Institution’s share of the cost of the rating case fought 
unsuccessfully by The Institution of Mechanical Engineers. 
This Institution’s share of the costs amounted to £2704. 
Local rates have been paid annually, and there is no out- 
standing liability under this heading. It now remains to be 
seen whether some relief will be obtained when the Bill now 
before Parliament becomes an Act. 








1960 1959 
detail 
£ per £1 per £1 
s. d. a. d. 
Management: staff, printing and 
Stationery, postage, telephones, 
66 430 5 94 6 9 


etc. 
Institution Building: ‘furniture, 
fittings and depreciation . 
Journal, Proceedings and Students 


17 651 1 64 ; 2 








Quarterly Journal : 33 516 2 11 3 104 
Listof members . . ... 2592 23 4 
Libraries ‘ 8259 83 93 
Institution meetings, conferences, 

and local Centres. . | 41652 a 7 3 104 
Oversea Branches . , : : 3864 44 5 
Faraday Lecture... 2744 3 4} 
Membership, education activities 

and scholarship awards ... 6636 7 1 34 
All other items. 17 171 1 6 1 14 
Excess of income over expendi- 

ture—part from subscriptions 28 798 | 2 64 4 





229313 |£1 0 O |£1 0 O 





Excess of income over expendi- 
ture, other than from secaandl 





tions . i 5 ; ; 9220 | 
Total income 238 533 | | 
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The over-all costs of Education, Examinations and Nationa} 
Certificates were very considerably reduced; this was due to 
increased revenue from National Certificate Fees, which now 
cover the cost of operating the service. 

Subscription income is, of course, the main revenye. 
producing item, and this increased by almost £40000 during 
the year as the intended consequence of the new subscription 
rates that became operative on the Ist January 1960. 

In the Annual Report for 1959-60, allocation of expendi. 
ture under broad headings was expressed in terms of £1 of 
membership subscription. The Table shows the figures 
extracted from the Accounts for 1960, with the comparable 
figures for 1959. There is a substantial decrease in the pro. 
portion absorbed by Management expenses. 

The Balance Sheet shows the increasing value of the 
Institution building and lease, and it will be noted that the 
Rebuilding Reserve Fund has now been exhausted. The 
reconstruction work on the building is now financed by a 
bank overdraft, and annual surpluses will be devoted entirely 
to clearing the debt resulting from the rebuilding work in 
accordance with the plan approved by the members. 





Appendix A Principal honours and distinctions conferred 
on members 


Privy Councillor 
Erroll, F. J., M.A., M.P. (Member) 


Knight Commander of the Order of the British Empire 
Cockburn, Robert, c.B., 0.B.F., M.SC., PH.D. (Member) 

King, C. R., C.B.£. (Companion) 

Tyler, Major-General L. N., C.B., 0.B.E., B.SC.(ENG.) (Member) 


Knight Bachelor 
Dannatt, C., 0.B.£., D.sc. (Member) 
McFadzean, W. H. (Companion) 


Companion of the Order of the Bath 
McPetrie, J. S. PH.D., D.sc. (Member) 


Commander of the Order of the British Empire 
Allibone, T. E., D.sc., PH.D., F.R.S. (Member) 
Birkett. G. W. A. (Member) 

Gemmell, W. T., B.sc.(ENG.) (Member) 
Goodman, C. W., B.£. (Member) 

Jones, R. H., M.sc. (Member) 

Scott, J. B. (Associate) 

Smith, R. A., M.A., PH.D. (Associate Member) 
Young, A. J., B.sc.(ENG.) (Member) 


Officer of the Order of the British Empire 

Andlaw, E. V., M.B.£. (Member) 

Baker, H. W. (Member) 

Bennett, V. G., B.SC.(ENG.) (Associate Member) 
Broadway, L. F., B.SC., PH.D. (Associate Member) 

Burt, D. O., B.sc.(ENG.) (Associate Member) 

Butler, Wing-Cmdr. F., B.sc. (Member) 

Clayton, R. J., M.A. (Member) 

Clinch, W. N. C. (Member) 

Cullen, Prof. A. L., PH.D., B.SC.(ENG.) (Member) 
Emerson, S. J., M.ENG. (Member) 

Handcock, Cmdr. R. W., B.sc., R.N. (Associate Member) 
Merriman, J. H. H., M.sc. (Member) 

Robinson, H. G. R., B.sc.(ENG.) (Associate Member) 
Smart, Instr.-Cmdr. T. R., B.A., B.SC., R.N. (Associate Member) 
Sowton, C. W., B.sc. (Associate Member) 

Sumner, J. H., M.sc.TECH. (Member) 

Taylor, F. J. D., M.B.£., B.SC.(ENG.) (Member) 


Member of the Order of the British Empire 
Brown, R. E. C. (Associate Member) 
Dickinson, Maj. R. B. (Associate Member) 
Hardaker, E. V., M.c., B.sc. (Member) 
Holt, F. B. (Member) 

James, R. N. (Member) 

McGlashen, R. (Associate Member) 
Morison, J. W. (Member) 
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Appendix B Deaths 


The Council record with regret the deaths of the following 


members of The Institution: 


Honorary Member 


Fleming, Sir Arthur P. M.. C.B.£., D.ENG., LL.D. 


Members 


Affieck, W. E. 

Apthorpe, W. H. 

Arthur, J. W. 

Axford, N., B.SC.(ENG.) 

Barclay, R. H. 

Barnett, S., M.SC.TECH. 

Barnett, W. A. 

Bennett, P. M. 

Bickel. S. F. 

Blake, G. G., M.SC. 

Bowen, Maj.-Gen. W. O., C.B., C.B.E. 

Brake, Sir Francis 

Brough, G. L. H., C.B.E., B.SC. 

Buchanan. J. H., B.SC. 

Burdes, L., B.SC.(ENG.) 

Chase, S. H. 

Clark, H., B.SC. 

Cook, W. W. 

Coote-Cummins, C. P. 

Cross, W. 

Davidson, W. F., M.Sc. 

Davis, P. K. 

Dick, A. W., B.SC.(ENG.) 

Drury, G. L. 

Drysdale, C. V., C.B., O.B.E., D.SC. 

Eastgate, C. C. T. 

Edgar, G. T. 

Egerion. F. P., C.B.E. 

Forsyth, Lt.-Col. J. C., B.SC.(ENG.) 

Fowles, S. H. 

Francis, A. V. 

Frost, P. B., B.SC.(ENG.) 

Gilberthorpe, F. 

Gomersall, W. C. 

Goodchild, W. C. 

Goodman, Sir William G. T. 

Hague, Prof. B., D.SC., PH.D. 

Hart, Air Marshal Sir Raymund G., 
K.B.E., C.B., M.C., R.A.F. 

Harvey, R. G. 

Heath, W. G. 

Hodgson, W. T. 

Horn, T. L. 

Howe, Prof. G. W. O., D.SC., LL.D. 

Jeffrey, L. F., B.SC.(ENG.) 

Johnson, A. S. A. 

Jones, P. C. 


Associate Members 


Anderson, W. J. A. 
Ashford, D. G. 
Ashworth, C. A., B.SC.(ENG.) 
Ashworth, J. E. N. 
Baker. C. A. 

Barton, Capt. R. G., R.E. 
Baumann, F. C. 
Beaty, R. J. H. 
Behrens, E. A. 
Belsey, W. J. 

Bennett, C. J. G. 
Billcliff, J. 

Birch. J. 

Birchall, S. 

Bourne, G. 

Boyd, W. F. 
Brandreth, W. E. 
Brown, A. 

Buckley, J. W., M.Sc. 
Burrell, C. M., B.Sc. 
Butler, W. M. 
Caldecott, W. D. 
Carr, G. E. 

Castellan, G. E. 
Claret, W. E. 

Cole, G. W. 

Cope, H. G. 
Crawford, R. J. 
Critchett, L. J. F. 
Cross, L. J. 

Crowe, E. 


JULY 1961 


Kelso, A. 

Kettle, A. S. 

Kettle, L. J., D.sc. 

Kuyser J. A. 

Lamb, H. A. 

Linay, E. C. 

Longworth, F., B.SC.TECH. 

McArthur, A. W. C. 

McDermott, J. 

MacDougall, A., M.B.E. 

McGuffie, H. A. 

McVittie, J., B.SC.(ENG.) 

Marston, Lt.-Col. G. S., D.S.0., M.C. 

Moore, W., M.B.E. 

Morgan, J. D., D.Sc. 

Moss, H. 

Nelson, J. E. 

Nelson, R. 

Nimmo, H. M.., M.SC., B.E. 

Pantvaidya, M. V. 

Perrin, C. M. 

Preece, G. G. L. 

Ratcliffe, M. V., B.SC.(ENG.) 

Ray, B. B., M.B.E., M.SC.(ENG.) 

Redman, Maj. S. G., 0.B.£. 

Rudd, C. H. 

Ruscoe, G. W. O. 

Shearer G., B.SC.(ENG.) 

Siddeley, H. C. 

Smith, C. H. 

Spanswick, J. R., B.SC.(ENG.) 

Spark, J. D. 

Sproull, Maj.-Gen. A. W., C.B., C.B.E., 
B.SC. 

Symons, H. D. 

Thomas, E. 

Thornton, L. C. 

Townley, J. W. J., C.B.E. 

Tucker, P. W. 

Walker, Sir William 

Waygood, O. C., 0.B.E. 

Weston, H., 0.B.E. 

Wheeler, R., 0.B.€. 

Willis, Col. R. F., C.B., R.M.L.I. 

Wimperis, H. E., C.B., C.B.E., M.A. 

Winder, R. F. 

Wright, R., M.B.£. 


Dancer, W. 

Darby, W. J. J. 

Dark, M. J. 

Deane, W. 

Den, A. E. 

Douglas, W. D., p.sc. 

Ellis, S. I. 

Fairfield, G. 

Faulks, J. V., B.SC.(CNG.) 

Fehr, D. 

Fell, P. J. 

Fisher, Capt. B. J., D.S.0., R.N. 

Foster, I. R., B.E. 

Fry, R. F. 

Gardner, T. 

Gaskins, F. W. 

Girvan, W. J. McC., 0.B.E. 

Grafton, Maj. H. C. L., E.R.D., 
R.SIGNALS 

Graham, R. C. M. 

Hall, J. C. W. 

Hall, J. R. 

Hartley, A. 

Higgens, C. C. 

Hogben, R. S. 

Hollins, T. 

Holt, F. B. 

Hope-Ross, P. H. E. 

Hopkins, W. E. 

Hornby, J. H. 

Huggett, W. J., 0... 


Hughes, C. E. 
Hutty, W. D., B.sc. 
Jackson, E. W. 
Jessop, L. 

Jesty, E. H. 

Jones, H. E. 

Jones, W. E. 
Kennard, H. L. E. 
Knowles, W. 
Lamb, J. F. 

Leath, C. S. 
Massey, S. G. 
Matthews, C. F., B.Sc. 
Miller, W. G. 
Moir, J. I. 

Murray, A. R., M.A. 
Newsam, C. A. 
Nimmo, A. A. 
Nurse, A. P. 
Papworth, J. W. 
Parkes, F. W. 
Parmentier, L. 
Phillips, W. A. 
Poyser, F. L., B.Sc. 
Pratt, F. M. 
Proudfoot, T. 
Ramsay, G. J. H. 
Raven, A., B.SC. 
Redgment, G. T. 
Richards, W. J. 
Richards, W. L. 
Ritchie, A. C. R. 
Robb, F. G. 
Robertson, A. M., B.SC. 
Robinson, F. B. 


Companions 


Burbury, H. H. T. 
Rankin, Lt.-Col. J., 0.B.£. 


Associates 


Bannister, W. 
Bowden, L. M. 
Bull, A. J. 
Carpenter, O. I. 
Dimond, H. C. 
Dunnell, R. 
Eadie, W. 
Eccles, H. B. 
Edwards, P. L. 
Gellan, R. W. 
Gibson, A. H. 
Heritage, F. C. 
Hunter, G. 


Graduates 


Ayles, F. A. 

Baker, P. N. 
Barraclough, R. 

Bindon, C. M. H. 
Brookfield, J. W. 
Campbell, J. M. 
Gillespie, E. F. F., M.ENG. 


Students 


Brown, C. L. 
Rees, G. L. 


Appendix C Growth of membership over the last 15 years 


year Corporate 
(31st March) members 
1947 : 14501 
1948 é 15206 
1949 - 16027 
1950 P 16648 
1951 : 17146 
1952 : 17757 
1953 ‘ 18510 
1954 p 19552 
1955 ; 20355 
1956 F 21089 
1957 F 22097 
1958 , 22879 
1959 : 23 708 
1960 : 24324 
1961 . 25007 


Ross, J. D., B.SC.TECH. 
Russell, R. M. 
Sampson, D. P. 
Sandilands, C. E. 
Schofield, Lt.-Col. A. J. A. 
Schofield, H. H. 
Schonbach, M. B. 
Sheppard, S. C. 
Sherwood, F. G. 
Shilbach, H. W. 
Shotter, A. H. 


Simpson, Col. A. H. F. S., C.M.G., R.E. 


Smith, J. A. 

Smith. R. B., PH.D., B.SC. 
Srinivasan, A. K., B.SC.(ENG.) 
Steel, T. P. 

Stone, R. A. 

Stretch, C. Kingsley 

Swift, B 

Swire, W. H. T. 

Tancred, W. 

Targett, J. H. 

Thomas, S., B.SC. 

Tucker, N. A. 

Turner, J. 

Wadsworth, G. W., B.SC.TECH. 
Walshe, J. M., M.B.E. 
Wardrop, K. W., B.SC.(ENG.) 
Welch, J. C. 

Wheeler, W. D. 

Widlake, H. C. 

Williams, R. V. C. 

Wood, L. E. 

Woodcock, H. W. 


Verulam, The Rt. Hon. The Earl of, 


M.A. 


King, F. R. 
Kenworthy, H. C., 0.B.£. 
London, D. J. 
Maidman, F. W. 
Martin, W. G. 
Mellor, H. B. 
Rickwood. H. A. 
Rudge, F. W. 
Scobie, M. M. 
Smith, W. A. 
Smith, W. H. 
Townsend, H. C. 
Wood, W. R. B. 


Haggis, J. B. 

Irvine, D. C. 

Roberts, M. D. 

Snow, S. F. 

Woodfield, J. W., B.SC.(ENG.) 
Woznica, L. 


Smith, I. R. 


non- 

Corporate total annual 

members membership increase 
675 31260 2102 
17701 32907 1647 
18344 34371 1464 
18900 35548 1177 
19412 36558 1010 
19496 37253 695 
19272 37782 529 
18944 38496 714 
18943 39298 802 
18949 40038 740 
19425 41522 1484 
20349 43228 1706 
20836 44544 1316 
21898 46222 1678 
22415 47422 1200 
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ACCOUNTS FOR 1960 


Income and Expenditure Account for the Year ended 31st December 1969 



























































EXPENDITURE 
Year ended 
31 Dec. 1959 
£ MANAGEMENT: £ £ £ 
Salaries, Wages and National Insurance ‘ a . ‘ ‘ . ‘ 105,415 
Staff Provident Scheme . s : a ‘ . ‘ ‘ 7,536 
Staff Canteen Subsidies $ ‘ ‘ ; . ‘ ¥ 911 
Printing, Stationery and Office Requisites : je ‘ : ‘. : ; 9,369 
Postage of a and Notices . . . R ‘“ ° . 4,512 
Telephone ‘ f . ‘ ; » . 1,881 
Travelling Expenses ‘ > . ; ‘ ‘ . ° 4,834 
—_——_ 134,458 
Less Charged to ‘SCIENCE ABSTRACTS’ > 
129,708 
Less Salaries Charged to Departments " ‘ ° ‘ . . 63,278 
64,199 a 66,430 
INSTITUTION BUILDING: 
Ground Rent 4,000 
Rates 6,240 
Heating . 3,438 
Lighting and Power 1,889 
Insurance 723 
Household Requisites and Cleaning : 5,626 
Transfer to Deferred Repairs Provision 4,000 
25,916 
Less Rent from Tenant ‘ * ° . ° ‘ P ‘ 3,944 
Charged to ‘SCIENCE ABSTRACTS’ . ‘ ‘Z . ° e ‘ 2,000 
5,944 
19,972 
Add Charge for Salaries 4,635 
24,607 
Less Accommodation Charged to Departments ‘ d . ‘ . 14.550 
5,847 10,057 
FURNITURE, FITTINGS AND EQUIPMENT—Repairs and Renewals 5,541 
Depreciation 2,053 
5,107 7,594 
JOURNAL AND PROCEEDINGS—Publication Costs 107,109 
Add Charge for Salaries. 17,154 
Charge for Accommodation J 
125,313 
Less Subscriptions. ; 3 s ‘ i ‘ ‘ 21,506 
Sales and Advertisements s ; . ° ‘. . ‘ 73,129 
94,635 
34,083 30,678 
STUDENTS’ QUARTERLY JOURNAL nee less ae 2,736 
Add Charge for Salaries 102 
2,459 2,838 
LIST OF MEMBERS—PART I! (Costs, Jess nae 2,114 
Add Charge for Salaries ‘ 278 
Charge for Accommodation 200 
3,081 2,592 
LIBRARIES: 
Lending Library (Books, Printing, anaes ag 665 
Reference Library Depreciation 949 
1,614 
Add Charge for Salaries. 4,895 
Charge for Accommodation 1,750 
7,869 8,259 
‘SCIENCE ABSTRACTS’: 
Block Contribution 3,118 
Per Capita 1,913 
5,031 
Less Members’ Subscriptions 1,974 
2,961 3,057 
INSTITUTION MEETINGS: 
Advance Proofs, Reporting, etc. 4,124 
Add Charge for Salaries 2,392 
Charge for Accommodation 10,000 
17,147 16,516 
CONFERENCES: 
Charge for Salaries 3,057 
Deduct Receipts, Jess Costs, including PROCEEDINGS for: 82 
Symposium on Data Handling and Display Equipment for Air Traffic Control 
Symposium on Electronic Equipment Reliability 
Conference on Electronic Telephone Exchanges 
Third International Conference on Medical Electronics 
Discussion Meetings on Reliability and Maintenance of Digital Computer Systems, Management 
and Engineering Asnects 
2,232 
Add Reserves for 
Commonwealth Engineering Conference . 4 ‘ ‘ ‘ - . 300 
EUSEC : ° : . e ° : : ‘ . 100 - 
—-— 4 
83 enthias 2,632 
£142,836 CARRIED FORWARD £150,653 
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EXPENDITURE—continued 



























































SS" 
£ £ £ 
142,836 BROUGHT FORWARD 150,653 
LOCAL CENTR > ‘ 20,335 
Add Charge for Salaries . 
22,504 
19,676 OVERSEA BRANCHES: 
Administration Costs ° 2,555 
Loss on Exchange on remittances to London : 696 
3,251 
Add Charge for Salaries 613 
3,984 3,864 
FARADAY AND CHILDREN’S LECTURES . 2,689 
Add Charge for Salaries 55 
3,442 2,744 
MEMBERSHIP DEPARTMENT: 
Stationery etc. 1,604 
Charge for Salaries 8,697 
Charge for Accommodation 300 
10,601 
Less Entrance and Transfer Fees 6,264 
5,385 4,337 
EDUCATION, EXAMINATIONS AND NATIONAL CERTIFICATES: 22,988 
Add Charge for Salaries ‘ 13,463 
Charge for Accommodation 1,050 
37,501 
Less Candidates’ Fees 37,357 
4,913 144 
TECHNICAL DEPARTMENT—Printing etc. ° 105 
Add Charge for Salaries ° 5,232 
Charge for Accommodation ‘ 200 
5,537 
on Less Net Proceeds of Sales of Publications 4,422 oats 
984 Grants to Other Bodies ° 993 
1,630 Institution Scholarships R 2,155 
469 Institution Premiums 463 
Annual Dinner, Cost less Receipts ° 133 
Add Charge for Salaries ° 214 
481 347 
Conversazione 259 
Add Charge for Salaries 323 = 
577 Audit Fee 578 
52 Legal Expenses 3,102 
350 Speaking Portraits. a 
3,250 Miscellaneous Expenses 4,430 
58 Bank Interest Charges 237 
7,062 Transfer to Rebuilding Reserve Fund 1,989 
2 Transfer to Sinking Fund 278 
196,140 200,515 
3,928 Excess of Income over Expenditure for year ° 38,018 
£200,068 £238,5335 
INCOME 
Year ended 
31 Dec. 1959 
£ £ 
189,830 SUBSCRIPTIONS 229,313 
167 LIFE COMPOSITIONS 40 
7,062 INTEREST ON INVESTMENTS 1,989 
440 INTEREST ON DEPOSIT 6! 
2,569 SALES OF CONVENTION PROCEEDINGS ° 7,130 
£200,068 £238,533 
—_—_ ee eee 
JULY 1961 423 











Balance Sheet, 31st December 1969 






































1959 
£ £ £ 
100,656 CREDITORS 85,572 
23,552 SUBSCRIPTIONS RECEIVED IN ADVANCE 27,454 
REBUILDING RESERVE FUND: 
Balance at Ist January 1960 42,048 
Add Transfer from Income and Expenditure Account 1,989 
44,037 
Less Transfer to Surplus Account 44,037 
42,047 a 
903 RESERVE FOR CONTINGENCIES 903 
RESERVE FOR FUTURE CONFERENCES: 
Balance at Ist January 1960 400 
Add Transfer from Income and Expenditure Account 400 
800 
Less Expenditure 205 
400 —_— 595 
28,570 RESERVE FUND FOR REDEMPTION OF BUILDING AND LEASE . 29,677 
DEFERRED REPAIRS PROVISION: 
Balance at Ist January 1960 4,333 
Add Transfer from Income and Expenditure Account y 
8,333 
Less Expenditure 5,789 
4,333 2,544 
Accumulated Fund: 
Balance at Ist January 1960 251,632 
Add Transfer from Income and Expenditure Account 38,018 
Transfer from Rebuilding Reserve Fund 44,037 
251,632 333,687 
11,451 Bank Overdraft (Partly Secured) 42,926 
—_ There are outstanding Capital commitments in connection ‘with the building reconstruction 
£463,544 amounting to approximately £86,000. £523,358 
1959 
£ £ £ 
INSTITUTION BUILDING AND LEASE (at cost) 240,193 
Add Further part cost of Reconstruction 148,197 
240,193 388,390 
28,570 SINKING FUND (Surrender Value of Policies) 29,677 
LIBRARY: 
As per last Balance Sheet 8,862 
Additions in 1960 : 1,631 
10,493 
Less Depreciation 10% (excluding Thompson Library) 949 
8,862 9,544 
FURNITURE, FITTINGS AND EQUIPMENT: 
As per last Balance Sheet 29,411 
Additions in 1960 8,304 
37,715 
Less Depreciation 2,053 

29,411 35,662 

26,353 DEBTORS 24,870 
4,644 INSURANCE PREMIUMS AND "SUNDRY PAYMENTS IN ADVANCE 4,901 

16,456 STOCKS OF STATIONERY, PAPER, ETC. : , 11,746 

42,047 REBUILDING FUND INVESTMENT (at cost): — 

GENERAL FUND INVESTMENTS (at cost): 
14,585 British Government Securities . P . 14,585 
(Market Value 3ist December 1960, £11 444; 1959, £12,245) 

47,953 Loan to Local Authority ; — 
1,647 CASH IN HANDS OF LOCAL CENTRES ON 31sr DECEMBER 1960 1,047 
2,188 CASH IN HANDS OF OVERSEA BRANCHES ON 31ST DECEMBER 1960 2,318 

635 CASH IN HANDS OF SECRETARY ‘ ; 618 
£463,544 £523,358 


CHARLES E. STRONG, Honorary Treasurer 


W. K. BRASHER, Secretary 





Report of the Auditors to the Members of The Institution of Electrical Engineers 


We have obtained all the information and explanations which to the best of our knowledge and belief were necessary for the purposes of our audit. In our opinion proper 
books of account have been kept by The Institution so far as appears from our examination of those books. We have examined the above Balance Sheet and annexed Income 
and Expenditure account which are in agreement with the books of account. In our opinion and to the best of our information and according to the explanations given us 
the said accounts are properly drawn up and the Balance Sheet gives a true and fair view of the state of The Institution’s affairs as at 31st December, 1960, and the Income 
and Expenditure account gives a true arid fair view of the excess of Income over Expenditure for the year ended on that date. 
ALLEN, ATTFIELD & CO., Chartered Accountants 


24th March 1961 
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BLUMLEIN-BROWNE-WILLANS PREMIUM FUND 
























































s. d. & «¢é 
Capital Account 700 0 O Investment (at cost): 
£686 10s. Od. British Electricity 44% Stock (1974-75) 700 0 0 
£700 0 0 (Market Value at 31.12.1960 £563) £700 0 O 
INCOME ACCOUNT £34. i‘n«& 
To Balance carried to Balance Sheet 1644 4 6 By Balance (as per last cmeened . ‘ . Bets 
»» Interest received : ‘ 29 3 6 
£164 4 6 £164 4 6 
WILLIAM BEEDIE ESSON SCHOLARSHIP TRUST FUND 
a = c& « & 
Capital Account . 2,808 12 6 Investments (at cost) 
£1,755 15s. 6d. 34° War S . 1,853 2 6 
£200 New Zealand 34% Stock 11963-6) ” 200 0 0 
£100 East Africa High Commission 34% Stock 
(1966-68) 9710 0 
£400 British Electricity 34% Stock (1976-79) 396 0 0 
£250 Birmingham Corporation 24% Stock (1966- 
71) ; ; . ; . - eee 
— 12 0 0 
£2,808 12 6 <ineacmecnineinaatilgis 
(Market Value at 31.12.1960 £1,775) £2,808 12 6 
INCOME ACCOUNT c a-& eat 
To Amount paid to Scholar ‘ 25 0 O By Balance (as per last onan 65 17 11 
, Balance carried to Balance Sheet 132 11 11 », Interest received . 91 14 0 
£157 11 i! £157 11 11 
WILLIAM GEIPEL SCHOLARSHIP TRUST FUND 
£ .. é. £ s. @. 
Capital Account 1,292 18 1 Investment (at cost) 
£1,583 Ils. 10d. Y, War Stock n . ime i 
£1,292 18 1 (Market Value at 31.12.1960 £942) £1,292 18 1 
INCOME ACCOUNT £ sd ad 
To Amount paid to Scholar 2 0 8 By Balance (as per last as 7710 4 
» Balance carried to Balance Sheet 107 18 10 », Interest received 55 8 6 
£132 18 10 £132 18 10 
THE GOLDUP PRIZE FUND 
; eS & & ge & <& 
Capital Account 125 0 0 Investment (at cost): 
£142 2s. 4d. 5% Treasury Stock (1986-89) 125 0 0 
£125 0 0 (Market Value at 31.12.1960 £124) ~ £125 00 
DAVID HUGHES SCHOLARSHIP TRUST FUND 
. eS as £ sad. 
Capital Account . 2,000 0 0 Investment (at cost): 
£2,045 Metropolitan Water Board (Staines Reser- 
voirs) 3% Guaranteed Debenture Stock (1922 
or —_ ‘ 1,998 15 0 
h 1 5 0 
£2,000 0 0 (Market Value at 31.12.1960 £1,074) £2,000 0 0 
INCOME ACCOUNT -_— | e «24 
To Amount paid to Scholars . 110 0 O By Balance (as per last aoe 148 10 0 
lance carried to Balance Sheet 99 17 0 », Interest received ; . 61 7 0 
£209 17 0 £209 17 0 
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HUNTER MEMORIAL LECTURE FUND 








ee 





























> ££ e £ad 
Capital Account 1,050 0 O Investment (at cost): 
£349 Os. 7d. 54% Funding Stock (1982-84) 350 0 0 
£369 Os. 10d. 5% London County Stock (1980-83) 350 0 0 
£1,050 0 0 £397 18s. 8d. 5% Treasury Stock (1986-89) 350 0 0 
INCOME ACCOUNT Esd (Market Value at 31.12.1960 £1,008) £1,050 0 0 
To Balance as per last Account : , 17 6 6 a t.k rr 
» Balance carried to Balance Sheet P ; 20 6 4 By Interest received. 7 S : 
£37 12 10 "£37 12 10 
area wr 
1.M.E.A. SCHOLARSHIP FUND 
.. &e. £ ¢ 
Capital Account . 15,202 0 11 Investments (at cost): 
£5,965 5s. 10d. 34% War Stock . : - 5,965 5 10 
£4,500 3% Savings Bonds (1960-70) 4,500 0 0 
£1,867 Os. ‘od. British Electricity 3% Stock (1974-77) 1,736 15 1 
£1,000 Bristol Corporation 34% Stock (1961-66) . 1,000 0 0 
£1,000 Coventry Corporation 34% Stock (1960-64) 1.000 0 0 
£1,000 Paisley Corporation 54°% Loan (1965) 1,000 0 0 
£15,202 0 11 (Market Value at 31.12.1960 £11,184) £15,202 011 
INCOME ACCOUNT £<2d. € aad 
To Amount paid to Scholars 315 0 0 By Balance (as per last ane 791 14 0 
» Balance carried to Balance Sheet 1,011 13 8 », Interest received 534 19 8 
£1,326 13 8 £1,326 13 8 
JOHN DOUGLAS KNIGHT AND ELIZABETH DUNCAN KNIGHT FUND 
. & € £ gm 
Capital Account 980 2 9 Investments (transferred): 
£333 6s. 8d. 3% Savings Bonds (1960-70) 333 6 8 
£624 9s. 6d. 34% Conversion Stock ape or -- 624 9 6 
Cash 22 OF 
£980 2 y (Market Value at 31.12.1960 £655) £980 2 9 
INCOME ACCOUNT fed ‘(en 
To Amount paid to Scholar 50 0 0 By Balance (as per last Account) 34 16 0 
», Balance carried to Balance Sheet 16 13 O »» Interest received é 3117 0 
£66 13 0 £66 13 0 
SIR EDWARD MANVILLE SCHOLARSHIP FUND 
= 6. a. g fo 
Capital Account. . : ‘ . 5,000 0 O Investment (at cost): 
£5,000 3% Savings Bonds (1955-65) 5,000 0 0 
£5,000 0 0 (Market Value at 31.12.1960 £4,525) £5,000 0 0 
INCOME ACCOUNT £ad 
To Balance (as per last Account) ; . 57 14 4 
»» Amount paid to Scholar ‘ , wa @ § £ «- 
», Balance carried to Balance Sheet 73s By Interest received ; ‘ ‘ : 150 0 0 
£150 0 0 £150 0 0 
HENRY NIMMO PREMIUM FUND 
e +. a £ s.d 
Capital Account. ; ; . 150 0 0 Investment (at cost): 
£253 8s. 11d. 24% Treasury Stock (1975 or after) 150 0 0 
£150 0 O (Market Value at 31.12.1960 £110) £150 0 0 
INCOME ACCOUNT Qed £8. 4. 
To Balance carried to Balance Sheet : : i9 0 0 By Balance (as per last Account) . ‘ . 12 13 4 
,, Interest received 2 A ; : 6 6 8 
£19 0 0 £19 0 0 
edentieeneien ————— 
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HENRY NIMMO PRIZE FUND 
— Se & €@ £ « @ 
8. d, Capital Account 500 0 O Investment (at cost): 
0 £564 Is. 3d. British ey at 7 Guaranteed 
5 : Stock (1974-79) 500 0 0 
00 £500 0 O (Market Value at 31.12.1960 £463) £500 0 O 
29 | come ACCOUNT ésd £24. 
s. d, To Balance carried to Balance Sheet 107 17 0 By Balance (as per last senna 83 17 8 
12 10 ,, Interest received 23 19 4 
12 10 £107 17 0 £107 17 O 
O’GORMAN FUND 
s. d. 6. 6. & 6 < 
Capital Account 2,000 0 0 Investment (at cost): 
5 10 — £2,924 9s. 3d. 34% War Stock . . 2,000 0 0 
00 (Market Value at 31.12.1960 £1,740) (a 
15 1 INCOME ACCOUNT £ sd £ sda 
0 0 To Amount paid to Scholars 8113 4 By Balance (as per last Account) 102 7 0 
: : , Balance carried to Balance Sheet 32366 6S »» Interest received. ; 102 7 0 
On £204 14 0 £204 14 0 
wa. | PAGE PRIZE FUND 
14 0 £ sd un = 
19 8 Capital Account 100 19 5 Investments (at cost): 
——— £50 34% War Stock : 50 19 § 
13 8 £56 4s. 5d. British Electricity 3% Guaranteed Stock 
—— (1968-73) ; 00 
£100 19 5 (Market Value at 31.12.1960 £71) £100 19 § 
s. d, INCOME ACCOUNT £s. d. £ s. d. 
68 To Balance carried to Balance Sheet 7-2 © By Interest received 3 8 8 
9 6 
6 
bev SIR CHARLES A. PARSONS MEMORIAL SCHOLARSHIP 
2-9 | INCOME ACCOUNT are ae 
To Amount paid to Scholars 60 0 0 By Bal d 33 19 6 
6 ¢ » Balance as per Bank Account 25 7 0 - 4 Sweet “ne 51 7 6 
fat £85 7 © £85 7 0 
3 0 is — 
a Note—The Capital of this Fund is invested by the Charity Commission 
PAUL SCHOLARSHIP FUND 
ie . S a gs 24 
Capital Account 4,000 0 0 Investments (at cost): 
00 £3,019 3s. 7d. 34% Funding Stock (1999-2004) 3,000 0 O 
aa £625 4% Funding Stock (1960-90) ‘ 500 0 0 
0 0 £562 4s. 7d. British saved 3% Guaranteed 
a Stock (1968-73) 500 0 O 
£4,000 oO 0 (Market Value at 31.12.1960 £2,865) £4,000 0 0 
s. d. —_——_— pacino wd 
0 0 INCOME ACCOUNT £sd4 £s.d. 
ee To Amount paid to Scholar 75 0 0 By Balance (as per last saphena 201 8 1 
0 0 » Balance carried to Balance Sheet 273 18 9 ,», Interest received 147 10 8 
£348 18 9 £348 18 9 
. 
. JOHN S. ROBINSON MEMORIAL SCHOLARSHIP FUND 
7% ‘ : ££ £64. 
0 0 Capital . 6,550 0 0 Investments (at cost): 
wae 400 £1 shares—Hudson’s Bay Co. . 4,400 0 0 
4 100 Parts. AMCA—N.P.V. A . 2,150 0 0 
: : INCOME ACCOUNT £6,550 0 0 (Market Value at 31.12.1960 £5,288) £6,550 0 O 
—7 To Balance carried to Balance Sheet . £116 0 0 By Dividends received £116 0 0 
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SALOMONS SCHOLARSHIP TRUST FUND 











£ s. d. £ te 
Capital Account . 2,044 15 4 Investment (at cost): ‘ 
£2,485 10s. 7d. Commonwealth of Australia 3% 
Stock (1972-74) ; 2,044 15 4 
£2,044 15 4 (Market Value at 31.12.1960 £1,777) £2,044 15 4 
INCOME ACCOUNT £ sd £ at 
To Amount paid to Scholar 60 0 0 By Balance (as per last onentaned 193 10 4 
» Balance carried to Balance Sheet 208 1 8 »» Interest received 74 11 4 
£268 1 8 £268 1 8 
ae ————— 
SWAN MEMORIAL SCHOLARSHIP FUND 
£ s. d. £ ee 
Capital Account . 3,312 15 10 Investments (at cost): 
£905 10s. 4d. 3% Savings Bonds (1960-70) 995 0 6 
£1,200 British Electricity 34% Stock (1976-79) 1,194 4 9 





£1,135 17s. 9d. 347% Conversion Stock oo or 
































after) 1,123 11 4 
£3,312 15 10 (Market Value at 31.12.1960 to £2,257) £3,312 15 10 
—- + - ———— 
£ o¢ 
INCOME ACCOUNT & « 4d. By Balance (as per last stones 264 13 11 
To Balance carried to Balance Sheet Sia ta 3 », Lnterest received 108 18 2 
Ear> 12. 1 £373 12 1 
THORROWGOOD SCHOLARSHIP TRUST FUND 
- 68. d. g #22 
Capital Account 1,000 0 0 Investment (at cost): 
£1,005 Agricultural Mortgage Coenees A 
Debenture Stock (1959-89) ; . 1,000 0 0 
£1,000 0 0 (Market Value at 31.12.1960 £814) £1,000 0 0 
INCOME ACCOUNT £ s. d. £a¢ 
To Amount paid to Scholar 1210 0 By Balance (as per last aietaaes 88 14 11 
»» Balance carried to Balance Sheet 126 9 11 », interest received 50 5 0 
£138 19 11 £138 19 11 
WAR THANKSGIVING EDUCATION AND RESEARCH FUND (No. 1) 
x 8 Ge £ a6 
Capital Account 1,700 0 0 Investment (at cost): 
£2,000 34% War Stock 1,700 0 0 
£1,700 0 0 (Market Value at 31.12.1960 £1,190) £1,700 0 0 
INCOME ACCOUNT ‘ox 
To Balance carried to Balance Sheet 281 5 O By Balance (as per last a ‘ , . aaa 
»» interest received : : 70 0 0 
£281 5 O £281 5 0 
——— Se 
WILDE BENEVOLENT TRUST FUND 
i S & 2 £ ad 
Capital Account . 3,048 10 2 Investments (at cost): 
£1,397 18s. 6d. British Transport 3% Guaranteed 
Stock (1978-88) 5744 311 
£100 London County 23% Consolidated Stock 
(1960-70) 101 8 6 
a” Commonwealth of Australia 3% Stock (1972- on 04 
£500 34% War Stock . 501 9 3 
£381 15s. 1d.4% Funding Stock (1960-90) . 300 00 
£200 34% Conversion Stock (1961 or after) . Soe 
£3,048 10 2 (Market Value at 31.12.1960 £1,845) £3,048 10 2 
INCOME ACCOUNT —€ 6 4 £ « ¢. £s 4 
To Grant authorized j 93 0 0 By Balance (as per last Account) 38 11 9 
» Balance—Deposit Account ; 37 3 7 » Interest received : 94 11 10 
Tax Recoverable 218 O 
40 3 7 
en are ————— 
£133 3 7 £133 3 7 
—_ 





We have examined on behalf of The Institution the Accounts of the foregoing Funds, and in our opinion they are in order. 
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ALLEN, ATTFIELD & CO., Chartered Accountants. 
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LETTERS TO THE EDITOR 


TRAINING OF OVERSEA GRADUATE 
ENGINEERS 


Dear Sir—Dr. W. Abbott’s paper (reviewed in the January 
1961 Journal, pp. 31, 58) on the training of graduates from 
oversea is Of special interest to engineers in Kenya at the 
present stage of the country’s political development and 
provides a valuable guide to our current deliberations on the 
subject. 

I hesitate to question the opinion of so eminent an 
authority but wonder whether Dr. Abbott’s diagnosis of the 
needs of underdeveloped territories should perhaps have 
been subject to some qualification as to the degree and 
direction of underdevelopment. I wonder whether the 
diagnosis took account of the fact that this territory, no 
doubt among others, has as yet no foundation of indigenous 
craftsmen and technicians for the engineer to build on and is 
further progressed towards the production of graduates than 
towards the production of City and Guilds certificate holders? 

It is perfectly true that the engineer in East Africa is 
unlikely to become concerned with plant manufacture in the 
foreseeable future, if at all, but it is urgently necessary that 
he should become independent of imported skill for the 
installation, Operation and maintenance of plant, and the 
first task the indigenous engineer will find himself taking 
over from his expatriate predecessor is that of training the 
necessary craftsmen and technicians to assist him in this work. 

I have no quarrel with the motive that the outstanding 
graduate, speaking a language that conveys nothing to the 
greybeards of 30, should be encouraged to apply his talents 
to the vast array of problems confronting industry, but not 
all graduates are outstanding and those who are will after 
all be more profitably employed in the major industrial 
countries. 

For the past 20 years to my knowledge, this country has 
needed engineers who could speak a language understood by 
those who will ultimately fill the ranks of craftsmen and 
technicians, and I cannot foresee any significant change in 
this situation for the next ten years.—Yours faithfully, 


A. BATESON 


P.O. Box 25024 


16th May 1961 Nairobi, Kenya Colony 


AMPERE OR BIOT-SAVART? 


Dear Sir—Mr. P. Hammond’s recent letter (March 1961 
Journal, p. 157) certainly brings to mind a point that is far 
too often overlooked, even in the books, namely that the 
formula of Biot, Savart, and Grassman, for the force between 
elements of current, or moving charges, is not at all Ampére’s 
original formula. 

It should also be noticed, however, that the formula quoted, 
While it is the form preferred by Ampére, is not the most 
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general one. The more general form for the force between 
current-elements is: 

ds-ds’ 
3 





-ds)(r-ds’ 
— 3K + pT 


F=—-II’ {rls 2) 
r-ds’ 


+ Kas—, 





r-ds 
+ ay 
r 


in electromagnetic units. Here, of course, ds and ds’ are the 
current-elements, the magnitudes of the currents being / and 
I’, while r is the vector separation between the elements. As 
for K, it can be any constant, for when at least one of the 
currents is in a closed circuit, the terms involving K integrate 
to zero around the circuit. 

Ampeére’s formula is obtained by setting K = 0. Indeed, 
Ampére favoured this form, because it had the force between 
two elements along the line joining them. However, if one 
goes further in thus treating electrodynamic forces in terms 
of action at a distance, there will be forces depending on the 
time-derivative of currents or the acceleration of charges, 
and these are by no means along the line joining the current- 
elements or charges. Hence there seems no reason to suppose 
that the force depending on the current must be along the 
line joining the elements either. Other things have, in fact, 
been proposed; Brown, for instance, has given arguments to 
support the belief that K = — 3. 

Some use has been made of this form of electrodynamics 
in the past 50 years or so. Ritz and later O’Rahilly both 
wrote extensively on it. More recently, Brown has used these 
notions with good success. As for anyone’s making use of 
these principles, Moon and Spencer have shown how the use 
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of action at a distance in electrodynamics can clarify certain 
problems that have often given difficulties. 

What is one to conclude about all this? Certainly the 
formulation in terms of action at a distance eliminates the 
concept of fields, which would never withstand any earnest 
application of Occam’s razor anyway. It may be that the 
ordinary theory of relativity—or something rather worse—is 
needed to deal rigorously with electrodynamic problems, 
but it does seem that the theory of action at a distance can 
come closer to the correct solution than can the classical 
theory of electromagnetic fields. Thus, it would seem that 
the theory of action at a distance deserves more attention 
than it is now receiving. 

H. L. ARMSTRONG 

Department of Physics 

Queen’s University 

26th April 1961 Kingston, Ontario, Canada 


HIGH-VOLTAGE D.C. POWER 
TRANSMISSION 


Dear Sir—Apropos of the h.v. d.c. power transmission con- 
necting France and Great Britain now under construction 
and the decision of the New Zealand Government to proceed 
with the Cook Strait power cable to connect the North and 
South Islands of New Zealand, it is interesting to note that 
h.v. d.c. power transmission is older than its a.c. counterpart. 
In fact, the first long-distance transmission was carried out 
in 1882 with 2000-1350V d.c. between Miesbach and Munich 
by Marcell Deprez and Oscar v. Miller. The distance was 57 km 
(about 35 miles), and the power was transmitted on two tele- 
graph lines, operating a 0- Shp pump at the Munich exhibition. 

The constant-current d.c. series system was proposed in 
1900 by Cuenod and Thury, and the Moutiers—Lyon trans- 
mission was inaugurated in 1906, transmitting 75A at 60kV 
to a distance of 184km (about 140 miles) over 9mm- 
diameter bare copper conductors. The plant was extended in 
1911 to transmit 150A at 100 kV and operated successfully 
at that voltage until 1936. 

The individual dynamos were rated 1080kW at 7200- 
8000V d.c. and were equipped with 1490mm (about S5ft)- 
diameter commutators each having 1350 segments. The 
generators operated in series, whereas on the receiving end 
the d.c. motors (also connected in series) drove alternators 
working in parallel with an a.c. system fed from other power 
stations. The d.c. motor-alternator sets could also operate 
in reverse, aS motor-generators, and were provided with 
regulators to maintain constant current on the d.c. side. 

Another interesting feature of this installation was that all 
machine frames had to be insulated from earth, and to take 
any d.c. machine out of the system it had to be short-circuited. 
Great care had to be taken not to interrupt the circuit. 

The limitations of the a.c. transmission system for long 
distances were pointed out by Dobrowolsky as early as 1919. 
—Yours faithfully, 

S. A. VINCZE 
P.O. Box 485 


16th May 1961 Wellington, New Zealand 
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COSMIC ELECTRICAL DISCHARGES 


3—GALACTIC EVOLUTION AND 
COSMOLOGICAL CONTROVERSIES 


Dear Sir—On the electric field and discharge theory of many 
astrophysical atmospheric phenomena,!* the spiral arms of 
the galaxies are the old channels of the electrical discharges 
resulting from the breakdown of radial electric fields in the 
galactic atmospheres. 

The main purpose of the present note is to emphasize two 
factors affecting galactic evolution: (1) the gas and dust of 
the primordial universal atmosphere will condense into 
galaxies that will differ greatly in size from the beginning, 
just as during the next step down in universal evolution the 
gas and dust of galactic atmospheres separate into stars of 
greatly differing size; (2) the process of atmospheric-field 
building and breakdown will have quite different time-scales 
in galaxies of different size. For example, it was emphasized 
some years ago!> that, whereas the time required for the 
electric field to build up to breakdown in a thundercloud is 
of the order of 10*sec, the time required in the atmospheres 
of the long-period variable stars is 107—108 sec. 

Owing to the considerable decrease in such factors as gas 
density and gravitational force in the galactic atmospheres, 
the times required will be very much greater. However, it is 
at present quite impossible to deal adequately with the 
generation of these cosmic electric . fields. The physical 
processes involved in the charge generation in thunderclouds 
are not well understood; and as recently as this year new 
concepts were introduced into the discussion of this problem, 
which their authors consider the only ones adequate to 
account quantitatively for the observed rate of charge 
separation in thunderclouds.” Since the process depends on 
the difference in temperature between the colliding particles, 
and since temperature gradients will exist in galactic atmo- 
spheres, it is quite possible that these recent terrestrial results 
will have an important bearing on this problem of charge 
generation and separation in cosmic atmospheres. 

In the absence of such a complete theory, general considera- 
tions lead us to expect that the time-scales of galactic-field 
generation will greatly exceed those observed in stellar 
atmospheres, and that the time required for build-up to 
breakdown will increase with size of galaxy. 

This being so, we should expect the spiral arms to be ina 
much later stage of development in the smaller galaxies; in 
other words, there should be a progression in size from 
Hubble’s type Sc through type Sa to the globular and elliptical 
nebulae of his types EO-E7 (Fig. 1). 

This sequence is actually observed, but the observations 
have, in the writer’s view, been misinterpreted as indicating 
a growth in size, and an evolutionary process of individual 
nebulae, from type Sc to type EO. On the contrary, individual 
nebulae probably remain much the same size throughout 
their lives, but the evolutionary process goes on at greatly 
varying rates in each in the direction E0-Sc, i.e. in the 
direction originally contemplated by Hubble and just the 
reverse of what it is generally considered to be today. 

It is even contended today that Hubble did not intend his 
diagram, reproduced in Fig. 1, to be taken to represent the 
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1 The sequence of nebular types 








direction of galactic evolution. However, he did write that 
there is an indication of the occurrence of some ‘cataclysmic 
action’ at SO, ‘this critical point in the evolutional develop- 
ment of nebulae’. Again he emphasized—also in ‘The Realm 
of the Nebulae’—that ‘Sa spirals are always found with arms 
fully developed’ (p. 46), and several times comments that the 
arms are never seen in process of development, indicating 
that he believed, as I believe, that evolution is in the direction 
E0-Sc and not from Sc to EO. 

One of the most important conclusions to be reached from 
these deductions from the discharge theory at the moment is 
that the galaxies of types EOQ-E7 are those in which the 
field-building process has not yet had time to build up to 
breakdown, owing to their being much bigger than the 
spirals. It would thus constitute an important argument 
against the concept of continuous creation. If the universe 
had had an unlimited past, fields would have had time to 
build up to breakdown in even the biggest of the galaxies. 

It was pointed out in an earlier note!* that one of the well 
known radio-sources is probably a galaxy of this type in 
which the discharges that form the spiral arms are occurring— 
or were, when the light we now photograph left it! 


Cc. E. R. BRUCE 


The Electrical Research Association Laboratory 
Cleeve Road 
26th May 1961 Leatherhead, Surrey 


1 Bruce, C. E. R.: 


(a) Journal I.E.E., 1958, 4, p. 669 
(b) Philosophical Magazine, 1955, 46, p. 1123 


2 Mason, B. J. and Latuam, J.: Proceedings of the Royal Society, A, 
1961, 260, pp. 523, 537 


A SPECIAL-PURPOSE ANALOGUE- 
COMPUTING SYSTEM 


Dear Sir—Comprehensive synchronous-machine theory, in 
which a few differential equations cover almost all conditions 
of operation, is now generally accepted. The method of 
solving these equations, particularly in relation to the transient 
stability of machines working in an integrated electric-power 
system, is more controversial. A variety of methods have 
been published, and the merits of these for their particular 
application have been the subject of much discussion. 

The use of digital computers in this work is increasing in 
Problems that can be formulated in terms appropriate to this 
method of solution. General investigational work, primarily 
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to determine the interaction between the various parameters, 
is most readily undertaken with an analogue approach. 

For some of the synchronous-machine problems arising 
at the present time, particularly multi-machine control 
problems, there is something to be said for combining an 
a.c. network analyser with a d.c. electronic analogue compu- 
ter. In this composite system, the interconnected networks 
of a power system are represented on the network analyser 
in the usual way, while synchronous-machine non-linear 
differential equations are solved on the analogue computer. 
As the two computers operate on systems that are not directly 
compatible, special electronic coupling devices are required to 
convey computed information between them. These have in 
fact been designed and are operating successfully. 

This combination of the advantages of two well established 
systems is appropriate to the range of synchronous-machine 
topics being pursued in this Department. Computer-design 
work commenced some 18 months ago, and the combined 
system has now been commissioned. Preliminary test results 
confirm that this is a promising approach to a rigorous study 
of a wide range of power-system electrodynamic problems. 
—Yours faithfully, 

J. L. DINELEY 
W. D. HUMPAGE 


University of Durham 
Department of Electrical Engineering 
King’s College 


12th June 1961 Newcastle upon Tyne 1 


ELECTRICAL THEORY ON THE 
GIORGI SYSTEM 


Dear Sir—The review of the book ‘Electrical theory on the 
Giorgi system’ that appeared in the May 1961 Journal, 
p. 314, led me to carry out a brief investigation to determine 
the extent to which M.K.S. units are being used in practice. 
The investigation was carried out among a medium-sized 
group of engineers engaged on basic research in electronics 
and on original circuit design and is therefore rather restricted 
in scope, but the conclusions reached are, I feel, of interest. 

The reviewer states that the M.K.S. system of units has 
been almost completely adopted in the teaching of electrical 
engineering, a statement that I do not doubt. However, I 
feel it is noteworthy that in almost every reference book (as 
opposed to textbook) in general use, many of which have 
only recently been published, data are still presented in 
C.G.S. units. This also applies to most of the information 
supplied by manufacturers. The engineering student who on 
entering industry is faced with the difficult process of trans- 
forming his theory into practice thus finds that much of the 
information he requires is expressed in an unfamiliar system 
of units. 

Those engineers whose training took place before the 
changeover to the use of the M.K.S. system in education 
apparently still continue to use C.G.S. units almost exclusively. 
What is more important, those whose training took place 
more recently, in general change from the use of M.K.S. to 
that of C.G.S. units after a short period of familiarization 
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has revealed that there is no inherent difficulty in the use of 
C.G:.S. units. 

It appears that, although the teachers of electrical engi- 
neering have been converted to the use of the M.K.S. system 
of units, many engineers engaged in industry remain uncon- 
vinced that a change from the general use of C.G.S. units 
offers any advantages. It would be interesting to discover 
whether this applies to other branches of electrical engi- 
neering and to hear the views of other practising engineers. 
In my experience at least, the M.K.S. system of units has not 
gained the general approval that the reviewer of the book 
has assumed.—Y ours faithfully, 

P. WOOD 


3 Elmtree Gardens 


Ist June 1961 Romsey, Hants 


[As Mr. Wood points out, the reviewer did not claim that 
the use of M.K.S. units was nearly universal in industry, but 
only in electrical engineering education. The position in some 
branches of industry seems still to reflect the attitudes reported 
in the Foreword in the July 1958 Journal, ‘M.K.S. units—The 
struggle availeth’. It would be of interest to hear from those 
in other industrial organizations about the extent to which 
M.K.S. units are used by their engineers. It would be 
interesting also to hear if any practising engineers really do 
use C.G.S. units as is so often claimed, or whether they use 
M.K.S. units for current, potential difference, capacitance, 
inductance, resistance, etc., supplemented by a few C.G.S. 
units chiefly related to the magnetic field.—Editor] 


ENGINEERING WRITING AND 
SPEECH 


Dear Sir—In the May 1961 Journal, p. 323, there appears the 
heading ‘Advanced gas-cooled reactor’. Surely the use of the 
word ‘cooled’ in this connection is inappropriate. Although 
this term is now coming widely into use, is there still not 
time to prevent its continuance by, at least, setting an example 
and refraining from using it in the Journal? 

This may be regarded by some people as trivial or pedantic, 
but are not engineers constantly being urged to be precise 
and technically correct in their speech and writing ?—Yours 
truly, 

E. A. PAYNE 


Little Baddow, 


11th June 1961 Chelmsford, Essex 


THE NATURE OF SYNCHRONOUS 
REACTANCE OF A CYLINDRICAL- 
ROTOR ALTERNATOR 

Dear Sir—Synchronous reactance has too long remained a 
‘fiction’. Mr. O. E. Mainer in his letter (April 1961 Journal, 
p. 224) shows correctly that synchronous reactance is the 


sum of the leakage reactance and the magnetizing reactance 
of the synchronous machine. 
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May I bring to the attention of your readers an approach 
to synchronous machines that arrived at the same congly. 
sion? This paper [Slemon, G. R.: ‘Equivalent circuits fo, 
transformers and machines including non-linear effects’, 
Proceedings 1.E.E., Monograph 68S, July 1953 (100, Part IV, 
p. 129)] showed that the cylindrical-rotor synchronoys 
machine could be represented in the steady state by ap 
equivalent circuit consisting of the stator resistance and 
leakage reactance, the magnetizing reactance and a current 
source proportional to field current. This equivalent circuit 
is identical in electrical behaviour to that of a transformer 
that has a constant alternating-current source connected to 
one of its windings. 

The conventional equivalent circuit, consisting of the 
synchronous impedance in series with an alternating-voltage 
source, results from the application of Thévenin’s theorem 
to the transformer-type equivalent circuit. 

I have found that the teaching of synchronous machines 
is greatly simplified by exploiting the similarity in equivalent 
circuitry between transformers, induction machines and 
synchronous machines.—Y ours faithfully, 

G. R. SLEMON 


Department of Electrical Engineering 
University of Toronto 


5th June 1961 Toronto 5, Ontario, Canada 


A CONSTRUCTION FOR DIVIDING 
TAPE ON REELS 


Dear Sir—It is often useful to be able to find the halfway 
point on a reel of tape or similar material. A simple geo- 
metrical means of doing this is given below. 

Draw the radius OR, and on the part containing the tape 
draw a bisector CP at right-angles. On the point of inter- 
section C draw a semicircle. Then the point P represents the 
halfway length of the tape. The proof is simple. 

Let the new radius OP = L. Squaring the sides of the 
triangle OPC: 

R2 ~— 

r +f 

RP 
Z 


Omitting the co- 
efficient 77, the area 
of the zone of tape 
to the point P is 
given by the left- 
hand side of the 
equation, and the 


L? = 





P—r= 








whole zone by 
twice the right- 
hand side. 


The process may obviously be repeated to give any binary 
division of the tape.—Yours faithfully, 
F. N. SCAIFE 


Admiralty Surface Weapons Establishment 


3rd June 1961 Portsdown, Hants 
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Membership 

The Council gave their final confirmation of the election 
of all except one of those candidates whose names had been 
published with the May 1961 Journal, to become effective 
from the Ist July 1961. Taking these into account, the total 
membership at that date was 47975. 


Staff Provident Scheme 

Mr. C. T. Melling, Chairman of the Finance Committee, 
introduced the Committee’s report in connection with the 
Staff Provident Scheme and proposed ‘Section 379 Fund’. The 
Committee, having carefully examined The Institution’s posi- 
tion vis-a-vis the Government’s inauguration of a national 
graded pension scheme, requested the Council: 


(i) To approve certain amendments to the existing Staff Provi- 
dent Scheme, noting that this scheme will eventually die out 
(ii) To sanction the establishment of a ‘Section 379 Fund’ 
to replace the existing scheme 

(ii) To appoint Trustees as necessary and approve com- 
pletion of the Trust Deed. 


These measures were approved. 


Premiums 

The Council adopted the recommendations of the Papers 
Committee, introduced by Mr. O. W. Humphreys, Chairman, 
for the award of Premiums for the year 1960. Regret was 
expressed that papers of sufficient merit had not been avail- 
able during 1960 to justify the award of several of the major 
premiums. This question was to be the matter of further 
consideration by the Committee, in consultation with the 
Committees of the specialized Sections. 


Oversea graduates’ reception 

The Council accepted a recommendation of the Education 
and Training Committee that a reception for oversea 
graduates should be held on the 22nd September 1961, 
invitations for which would be sent to those undertaking 
postgraduate studies in electrical-engineering departments of 
universities in the United Kingdom, as well as those under- 
going industrial training, who were normally invited. 


Robbins Committee 

Mr. A. H. Mumford, Chairman, introduced a further 
recommendation of the Education and Training Committee 
that evidence should be-submitted to the Committee on 
Higher Education, set up under the chairmanship of Lord 
Robbins, to review the pattern of full-time education in Great 
Britain. The Council agreed to this and noted that a draft 
memorandum would be submitted by the Committee for 
approval in due course. 


Specialized Sections 

In the report of the May Council meeting (June 1961 
Journal, p. 369), reference was made, under the heading 
‘Electronics engineers’, to a study of the scopes of the 
specialized Sections of The Institution and The Institution’s 
learned-society facilities in general that was then being carried 
out by the General Purposes Committee. The results of this 
review were now available in a report from the Committee 
to the Council, which contained recommendations for funda- 
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INSTITUTION COUNCIL MEETING ON THE 22nd JUNE 1961 


mental changes in The Institution’s learned-society structure. 

In brief, the Committee proposed that the existing four 
specialized Sections should be rebuilt as three Divisions, two 
of which would represent the ‘Electronics’ and ‘Power’ 
interests, the third being a ‘General’ Division. Each Division 
would be guided by an elected Board, and the three Boards 
would provide the driving forces behind a series of Technical 
Group Committees, covering the entire scientific front of 
electrical engineering, who would act as the ‘front-line’ units 
in the exploitation of as many individual specializations as 
were felt to cover this front adequately at any one time. 
Members of The Institution would be enabled to register 
their professional interest in as many Technical Groups as 
were applicable to them and, by virtue of such registration, 
would be eligible to vote in the elections to the Divisional 
Board, or Boards, within whose area the Technical Groups 
concerned fell. 

The government of The Institution would remain vested 
wholly in the Council, advised as at present by the standing 
committees; the Divisional Boards would be able to keep in 
touch with policy developments in all aspects of The Institu- 
tion’s affairs by means of strong representation both on the 
Council and on the standing committees. Local Centre Com- 
mittees would be free to operate and manage their specialized 
Groups in the manner best suited to local conditions, and 
ample provision would be made for specializations within 
the local Centres to be represented on the appropriate 
committees at Savoy Place. 

The reasons for the proposals and the advantages that 
would accrue (discussed on p. 404) had been carefully 
examined by the General Purposes Committee, who were 
unanimous in recommending their adoption by the Council. 

After a discussion during which several points of general 
detail were ventilated, the Council gave their unanimous 
support to the Committee’s proposal. The Panel of the 
General Purposes Committee that had been mainly respon- 
sible for evolving the new structure would now work out the 
details of administration and implementation. 


Joint (Oversea) Groups 

On a recommendation of the Joint Oversea Activities 
Committee to the Councils of the three Institutions, it was 
agreed to support the formation of Joint Groups in the 
Bahamas and Malta. The former would be serviced by The 
Institution of Mechanical Engineers and the latter by this 
Institution. 


British Nuclear Energy Conference 

The Council had before them a summary of the main 
provisions of a draft agreement for the constitution of a 
proposed new British Nuclear Energy Society to replace the 
existing British Nuclear Energy Conference. The Council at 
an earlier meeting had agreed to support this change in 
principle on the ground that it was likely to improve the 
coverage of nuclear-energy subjects by the B.N.E.C., and 
the terms of the draft agreement were now approved. 


Committee on Regulations for the Electrical Equipment 
of Aircraft 

The Council approved a recommendation that the Elec- 
tronic Engineering Association should be represented on this 
Committee. 
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EXCURSIONS FROM THE SAVOY 





Semprini’s recital 


OOD weather (mostly) and high spirits characterized The 

Institution’s Summer Meeting in London from the 
29th May to 2nd June 1961. A wide variety of activities 
was Offered, sufficient to please the palate of the most 
fastidious. This account can encompass only one a day of 
the many excellent visits. 


Reception 

The President, Sir Hamish D. MacLaren, and Lady 
MacLaren received members and their ladies—nearly 400 in 
all—at the reception held at Savoy Place during the evening 
of the 29th. 

A varied programme had been arranged for the evening. 
Demonstrations of experimental colour television in the 
Maxwell Suite aroused great interest, while hi-fi enthusiasts 
were catered for in the Lecture Theatre, where a demonstra- 
tion of stereophonic-sound reproduction was given. A display 
in the Library included early manuscripts and books on the 
magnet and electricity, and literature on recent developments 
in electrical engineering, as well as the Royal Charter of 
Incorporation. 

Semprini gave a piano recital in the Lecture Theatre, for 
which there was an excellent attendance. During an interval 
in the recital, Sir Robert Somerville, Clerk to the Council, 
Duchy of Lancaster, gave a talk on the Manor of the Savoy 
and the site of the Institution building. 


Transistors and valves 


On the 30th, everyone was saddened to hear of the death, 
early that morning, of Geoffrey Parr. He had been a regular 
attender at Summer Meetings and had been present at the 
reception at Savoy Place the evening before. 

On this Tuesday one party was ferried to the Mullard 
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Radio Valve Co. at Mitcham, Surrey, where guides waited 
to entertain and instruct them. First they sipped coffee to 
the accompaniment of a colour film on the manufacture of 
transistors. Then, to the dismay of some of them, the sexes 
were segregated, the ladies going off to watch colour television 
while the men were shown X-ray-tube, transistor and valve 
production. 

After lunch, a puzzled Mullard spokesman asked the 
ladies if they could think of reasons why colour-television 
receivers did not seem to interest the buying public. There 
was much head-scratching, but few explanations were 
forthcoming. 


Rural laboratories 


On Wednesday some travelled to Taplow Court by coach 
to visit British Telecommunications Research Ltd. Telegraph 
equipment, transmission systems and electronic switching 
apparatus were on show in the laboratories. One group, 
including the President and Lady MacLaren, saw the line 
transmission laboratories. Sir Hamish complained of the 
terminology invented by the telecommunication engineer and 
asked what was a ‘megabit’. He also asked for an explana- 
tion—for the ladies—of ‘logical’. 

After lunch at Maidenhead, the party returned to Taplow 
Court for a tour of the grounds or for a further look round 





Party at Mullard’s inspects a valve-processing machine 


the laboratories. Taplow Court was formerly the home of 
Lord Desborough, and the estate—31 acres—borders on the 
Thames. The formal gardens around the house have been 
preserved, and no overhead cables run from the house to 
the new laboratories built beyond the gardens. 


Outer darkness 


A dampish journey to Harrow on Thursday took one of the 
parties to Kodak Ltd. They were told that the name Kodak 
had been invented by its founder, who liked the letter ‘K 
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and filled in the other letters to make a word that could 
easily be pronounced and recognized all over the world. 
First the ladies saw the social and welfare facilities while the 
men toured the power and engineering services. After lunch 
we all visited the box and printing department and then had 
atantalizing glimpse of the invisible. The heart of the Harrow 
plant is the manufactory of sensitized materials. Here the 
illumination level is so low that visitors can see nothing. 
However, we passed through successive halls of increasing 
darkness, where people wefe working on the finishing pro- 
cesses, to the edges of the central darkness. This in itself 
was an eerie experience. 

At the Dinner-Dance at the Connaught Rooms in the 
evening, the President warmly thanked all those who had 
contributed to the success of the meeting, and the Earl of 
Verulam paid a tribute to the electrical-engineering profes- 
sion, whose efforts, he said, were so wholly beneficial to 





ie 


Group at Houses of Parliament on Thursday 





mankind, ‘without the emotional pressures of nuclear 
physics’. 


Long-playing records 
Each member of the party that visited the Decca Radar 
plant, New Malden, Surrey, on Friday was presented with a 





The Reception at the Dinner-Dance on Thursday 
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long-playing record of his or her own choice from an assem- 
bled collection. The ladies then went off to see how the records 
were made; the men were introduced to the intricacies of 
radar production, from machining and coating to printed 
wiring and assembly. 

After lunch the more favoured sex had the opportunity of 
listening to stereophonic-sound reproduction; the males had 
more sombre duties to perform. They were shown a complete 








‘defence-against-attack’ radar system, from the identification 
and position-fixing of the enemy aeroplane to the guiding 
of the intercepting aircraft and the final simulated destruction 
of the interloper. 

The week ended on an appropriate high note with a supper- 
dance and cabaret on Friday evening. 

To all the individuals, organizations and companies who 
gave their time, energies, imaginations and resources to make 
the Summer Meeting for 1961 such an entertaining and 
instructive affair, grateful acknowledgment is made. 
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Technical education in Scotland 


This article is a sequel to two previous articles—‘A logical 
pattern for technical education’ by Sir Willis Jackson (Feb- 
ruary 1961 Journal, p. 97) and ‘Better opportunities in technical 
education’ by Dr. F. T. Chapman (March 1961 Journal, p. 159). 
Sir Willis’s article was a review of the Ministry of Education’s 
White Paper (Cmnd. 1254) ‘Better opportunities in technical 
education’, while Dr. Chapman’s article covered the historical 
background of the Paper. In this article, the author briefly 
surveys the Scottish Education Department’s White Paper 
(Cmnd. 1245) ‘Technical education in Scotland: the pattern 
for the future’. 

He is Professor of Electrical Engineering at Heriot-Watt 
College, Edinburgh. 


Prof. M. G. SAY, PH.D., M.SC., F.R.S.E., MEMBER 





COTTISH education has a very fine tradition. The boat- 

man from the University of Aberdeen, who ferried Mary 
Rose to ‘The island that likes to be visited’ in Barrie’s play, 
was by no means exceptional. But that was the 19th century, 
when a young man might leave his remote Highland croft, 
shoulder his bag of meal, and make his way—on foot, as 
often as not—to the big city and its university, there to study 
for the minister’s manse or the village schoolhouse. 


New pattern 


Tradition may not always fit into a modern, rapidly- 
changing and very different world. While it embodies the 
accumulated wisdom of the past, it can be used as well to 
frustrate the present. Can the old way, still spoken of with so 
much feeling by the die-hards, serve the new condition? 
Deliberations south of the Border may be suspect in Scotland, 
but one can look further (say, to the Soviet Union) to see 
that something needs to be done to tailor education to a new 
shape. If some of the old reverence for learning can be 
retained without its having to be kept alive by poverty and 
hard grind, so much the better. 

The writ of the Ministry of Education does not run north 
of the Tweed. There, education is under the control of the 
Scottish Education Department for all schooling other than 
that in the universities. Enactments and documents applying 
to England and Wales do not apply to Scotland; but it is not 
uncommon to find, as here, a White Paper appearing for each 
party without much rock-bottom difference between them— 
‘Better opportunities in technical education’ and “Technical 
education in Scotland: the pattern for the future’. The 
new White Paper for Scotland examines the integration of 
school and college work, its adaptation to students at various 
levels of attainment, the reduction of the ‘failure rate’, and 
the streamlining of courses to suit modern industry. It is not 
so specific as the English-Welsh Paper, but looks forward to 
a generally similar pattern in the near future. 
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Building programme 

In a building programme launched in 1956 and extended 
in 1959, the Government ‘gave a lead to those with whom 
it shares responsibility—education authorities and other 
governing bodies—for the provision of buildings and equip. 
ment’. The aim was to provide, by 1965, places in Scotland for 
100000 day-release students. The well known Crowther 
Report noted the much better prospects of the day-release 
compared with the evening-class student in National Certifi. 
cate courses in a successful outcome of his efforts. The Scots 
have achieved a 26% increase in day-release numbers in the 
quinquennium to 1960; yet still the number of boys under 18 
on day-release courses is only one-tenth of those in insured 
employment. 

The Scots employer has been reluctant to ‘make things 
easy’, and some have stated that they will not provide day 
release until they are forced to do so. Electrical firms and 
organizations have in this respect a much better record than 
the average. 


Table 1. The new pattern of Scottish technical education 














career qualification | entry requirement duration 
technologist Associateship | comparable to | four years, 
that for full-time or 
entry toa sandwich 
Scottish 
| university 
technologist Higher three S.C.E. ‘O’-| three years, 
(or high- National level passes full-time or 
grade tech- | Diploma | and higher- sandwich 
nician) | | grade science 
| and mathe- 
| matics 
technician Ordinary four appropriate | two years, 
| National S.C.E. ‘O’- full-time or 
Diploma level passes sandwich 
technician | National three appropriate| two years 
(or tech- Certificate S.C.E. ‘O’- O.N.C., 
nologist) level passes two yan 
H.N.C., 
part-time 
technician, | City and according to up to five years 
craftsman, | Guilds type of course part-time 
operative | Certificate 
craftsman, (pre-voca- — up to one year, 
operative | tional) full-time 


Scotland has something to show in the building pro- 
gramme, notably in go-ahead Glasgow. Nothing concrete (in 
any sense of the word) seems to have been done in Edin- 
burgh, which wakes up culturally for the three weeks of the 
International Festival but stays asleep for twelve months per 
annum in matters of technical education. 
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The stimulus of 1956 did lead to the formation of a Work- 
ing Party to review the curricula of senior secondary schools. 
It came to the following conclusion: 


ft is a valid criticism of Scottish education to say that, 
while schools provide courses which lead direct to university 
entrance, they less frequently make deliberate and adequate 
provision of Certificate courses which lead with equal direct- 
ness to, for example, technical training or apprenticeships. . . . 
There ought to be a closer integration of secondary education 
with further education than exists at present. It should be 
accepted as normal that pupils capable of following Scottish 
Leaving Certificate courses will continue their formal educa- 
tion after leaving school. Whether they will do so at university, 
central institution, local technical college or works school 
will be determined by their choice of career. If regular and 
systematic linkage of secondary and further education can 
be achieved, we believe that there will follow a marked and 
welcome reduction in the number of young people who settle 
down in posts which are too easy for them and who make 
no sustained effort to develop the abilities they undoubtedly 


possess.” 

The desire to channel young people in the most appro- 
priate direction, one best suited to their ability, is manifest 
here, as it is in the White Paper for England and Wales. One 





step in this direction is the change in the school examination 
scheme. The Lower level of the Scottish Leaving Certificate, 
referred to in the quotation above, is to be dropped in favour 
of a Scottish Certificate of Education, corresponding approxi- 
mately to the General Certificate of Education, Ordinary level. 
The Higher level is to be retained, and the future may see a still 
higher examination in the Scottish Certificate of Education, 
Advanced level. 


Urgent need 


The new pattern of technical education proposed in the 
White Paper is shown in Table 1. There are no Colleges of 
Advanced Technology in Scotland so far, the Associateships 
being the major awards of the four Central Institutions (of 
which the biggest is the eminent Royal College of Science and 
Technology in Glasgow). 

The need for the development of technical education has 
never been more urgent or more obvious, says the White 
Paper in conclusion, if Scotland is to ‘maintain her proud 
position among the leading industrial nations of the world.’ 
Put brutally, Scotland follows England now and in the imme- 
diate future. Perhaps, one day, the great tradition will flower 
again, and a son of Scotland may give her that leading place 
for which she was once famous. 





13th BRITISH ELECTRICAL POWER 
CONVENTION 


HE 13th British Electrical Power Convention was held 

at the Winter Garden, Eastbourne, from the 12th to 
15th June 1961; its theme was ‘Electricity in the prosperity 
and welfare of the nation’. 

Sir John Pickles, Chairman of the South of Scotland 
Electricity Board, opened the convention by delivering the 
Presidential Address, in which he reviewed developments in 
the electricity supply industry from 1880 to the present and 
speculated on future conditions up to A.D. 2000, foreseeing 
ever-greater expansion and the possibility of using fusion, 
the direct conversion of heat to electricity, and pumped- 
— schemes to supplement dwindling conventional 
uels. 

On the second day, two papers were delivered: ‘The 
British electricity transmission system’ by Sir Christopher 
Hinton and ‘Some aspects of efficiency and economy in 
distribution’ by R. R. B. Brown. The first traced the history 
of the transmission system up to the present, describing the 
development of the national Grid. Stating that the maximum 
demand on the Central Electricity Generating Board’s system 
was about 25GW, Sir Christopher postulated that in 
15-20 years that demand might be trebled. He discussed the 
feasibility of breaking down the national Grid into area 
gtids heavily interconnected by asynchronous links as a 
means of dealing with the greater loads envisaged, but 
said that a national Grid with transmission voltages of 
100/400/132kV was the best answer. 

_ Mr. Brown stated that the national investment in distribu- 
tion assets was more than £1000 million. An additional 
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expenditure of about £100 million annually was necessary. 
He outlined the directions in which economies in investment 
had already been achieved or could be expected: these 
included increased reliability and efficiency of system com- 
ponents, the efficient use of plant and equipment encouraged 
by tariff incentives, and the development of new and improved 
applications of electricity. 

The third day of the conference saw the presentation of 
two more papers, ‘The electrical power industry in Canada’ 
by Dr. A. E. Grauer and ‘British electrical manufacture in 
the national economy’ by S. F. Steward. Dr. Grauer related 
that Canadian per capita usage of electricity was well above 
that in the United Kingdom and the United States; this, he 
said, had been the result of low rates, the fact that nearly 
80% of Canadians lived in single-dwelling units or duplexes, 
and the lack of competition from low-priced natural gas. He 
considered future demands, the resources required, and elec- 
trical cost trends in Canada. 

Mr. Steward said that British electrical manufacture supplied 
electrical and allied engineering products to a value of about 
£1600 million a year. Nearly one-fifth of this total was 
exported (representing nearly 10% of all United Kingdom 
manufactured exports). Employing a total of almost 800000 
people, electrical manufacture was the largest industrial 
employer of scientists and technicians in the United Kingdom. 
He examined the altering conditions in the industry arising 
from technical advance and commercial change and gave a 
forecast of the pace and pattern of the industry’s growth in 
the years ahead. The third day ended with the annual dinner 
held at the Grand Hotel. 

The conference was concluded on Thursday, 15th June, 
with an electrical forum, during which Sir John Pickles acted 
as the question master. 
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THE JOURNAL DIGEST 


The articles in this regular monthly feature are based on current 
papers read at Institution meetings. They are written by the authors 
of the papers, who have been asked to make the articles, so far as 
possible, interesting and of appeal to electrical engineers who have 


PAPERS READ 


no specialized knowledge of the topics discussed. While the articles 
bring out the main points and conclusions of the papers, their 
contents are not necessarily confined to the subject-matter of the 
original papers. 





ADMIXTURES IN NEON GLOW-DISCHARGE TUBES 


An Electronics and Communications Section paper (3420) 
‘Comparison of argon, krypton and xenon as admixtures in 
neon glow-discharge reference tubes’ by F. A. Benson, D.Eng., 
Ph.D., Associate Member, and G. P. Burdett, B.Eng., Student, 
was read before the Section on the 8th May 1961 at Savoy 
Place (see p. 476). This short article is based on the paper, 
which was published individually in January 1961 and will be 
republished in Part B of the Proceedings. The authors are in the 
Department of Electrical Engineering, University of Sheffield. 

The following papers were read at the same meeting: paper 
3174 ‘The corona-discharge and its application to voltage 
stabilization’ by E. Cohen and R. O. Jenkins (see p. 441) and 
paper 3175 ‘Impedance|frequency characteristics of glow- 
discharge reference tubes’ by F. A. Benson and P. M. Chalmers 
(see p. 439). 


LOW-DISCHARGE tubes form simple and inexpensive 

methods of voltage stabilization and are extensively 
used in electronic stabilizers of the degenerative type and 
elsewhere for providing a reference voltage. Such a tube con- 
sists of two (or more) electrodes in a bulb filled with an inert 
gas at a reduced pressure. Over a certain range of tube 
current, the voltage across the tube remains nearly constant. 
Hence, if a tube is fed from a direct-voltage supply through 
a series resistor, the latter will absorb fluctuation in the 
supply voltage. Further, an increase in load current results 
in a decrease in tube current, the voltages across the series 
resistor and the tube both remaining nearly constant. 


Desirable tube characteristics 


The desirable characteristics of tubes vary with the appli- 
cation, e.g. when used as a voltage stabilizer the tube should 
present a low impedance to ripple frequencies and have good 
regulation over a large current range. The performance of a 
simple stabilizer circuit can easily be calculated, assuming 
ideal characteristics; but, unless the tube is itself stable and 
free from drift and erratic voltage jumps, the calculation is 
of little value. 

With a voltage-reference tube, the temperature coefficient 
of running voltage and initial voltage drift should be small, 
and the running-voltage/current characteristic should be 
stable and reproducible to within small limits if the tube is 
used intermittently. This characteristic should also be free 
from voltage steps and hysteresis. 

In high-stability reference tubes, the cathode is made from 
carefully prepared molybdenum and is cleaned by sputtering 
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the surface in a glow discharge. A layer of molybdenum is 
deposited on the glass walls by continuing the sputtering for 
a time after the cleaning operation. The sputtered molyb- 
denum can act as a getter to absorb any gas liberated from 
the walls which might otherwise contaminate the cathode and 
also serves as a shield to prevent the discharge itself liberating 
gases from the glass envelope. 

A small quantity of argon is usually added to the main gas 
filling to reduce the striking and running voltages and to 
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Table 1. Characteristics of pure-neon, neon—xenon, neon—krypton and neon-argon tubes with a total pressure of 40mmHg 





The change of running voltage with temperature was calculated over the range 20°-50°C 








gas | striking voltage | oa vote tii eee —_ | impedance at 30kc/s mean noise voltage 
| Vv | Vv mV per degC | kQ uv 

ae 220 to 234 | 107-1 to 107-8 —17-1 to —17°5 6:01 to 6-50 234 to 253 
Neon plus 

0-001 % xenon ; = 4 194 to 200 | 104-1 to 106-9 —19°5 to—20-2 | 6-11 to 7-75 220 to 254 

0:01% xenon . : 24 128 to 136 98-75 to 101-05 —16°5 to —31-75 | 10-3 to1l-0 212 to 230 

Q-1%xenon . . .| 136 to 138 | 96°7 to 97°6 —2°33 to. —5°75 5:77 to 6°55 282 to 297 

2 ogy ‘ i 150 to 155 | 99-1 to 100-1 +7°5 to+13:0 | 1-95 to 2-02 344 to 361 
Neon plus | 

0-001 % krypton 191 to 200 | 103-90 to 104-55 —18-0 to—20-5 | 6-06 to 6-50 239 to 250 

0-01 % krypton 142 to 151 | 100-35 to 102-80 —18-5 to —20-0 6°25 to 9-80 209 to 248 

0:1% krypton 121 to 127 88-25 to 91-55 —6:0 to—12:0 | 6-90 to 10-64 203 to 229 

1% nae 138 to 162 92-95 to 97-80 —0°5 to +0°5 | 2°05 to 2-35 298 to 306 
Neon plus 

0-001 % argon 103-2 to 104-6 —20:0 to —20°8 6°24to 6-35 234 to 237 

001% argon . ; - | 99-3 to 100-5 —22-:0 to—24:6 | 9-00 to 9-35 | 206 to 208 

0:1%argon . ; a | 84-4 to 85-6 —10-2 to—13-3 | 8-30 to 11-05 178 to 192 

1% argon : “4 83-7 to 85-3 —1-07 to —2:17 | 2:19 to 2-35 251 to 262 


minimize the difference between the two voltages (Fig. 1). 
Argon also facilitates sputtering when high-stability reference- 
tube manufacturing techniques are used. 

The characteristics and limitations of tubes have been 
studied in some detail during the last decade. Early work 
indicated that certain parameters, e.g. gas filling, gas pressure 
and cathode material, greatly affected tube characteristics; 
it suggested too that the amount of argon was another impor- 
tant factor. Consequently, measurements were made on 
special neon—argon- and helium-argon-filled tubes of the 
stabilizer type with cerium cathodes, and later on neon—argon 
reference tubes with molybdenum cathodes in which only the 
argon content was varied. Taking all the characteristics into 
account, the optimum argon content in reference tubes is 
about 1%. 


Admixtures in neon glow-discharge tubes 

Similar studies have now been made using neon-krypton, 
neon-xenon, neon-0-3%argon-krypton, and neon-0:3% 
argon-xenon mixtures in reference tubes with molybdenum 
cathodes. Striking voltage, running-voltage/current, running- 


voltage/temperature, initial voltage drift, impedance/frequency 
and noise-voltage/current characteristics were measured. 

Krypton or xenon can be used successfully as an admixture 
in neon tubes, instead of argon, and influences all the 
characteristics in a manner similar to that with argon (see 
Table 1). However, xenon additions give some unexpected 
results, e.g. a more positive temperature coefficient of running 
voltage with the higher percentages of xenon. One particular 
advantage of using the alternative gases is that tubes can be 
manufactured that have different running voltages but 
otherwise have very similar characteristics; e.g. a tube con- 
taining neon-0- 1% xenon has characteristics almost identical 
with those of a tube containing neon-0-3% argon, except for 
a small increase in noise voltage (not very important) and a 
much larger minimum running voltage, i.e. 97-3 compared 
with 83-7V. 

If small amounts of argon and krypton or argon and xenon 
are added to a pure-neon tube, the tube behaves as if only 
one admixture were present, except when the percentages of 
the two are comparable; certain desirable characteristics are 
then obtainable, e.g. low impedance. 621.387.322 


IMPEDANGE/FREQUENCY CHARACTERISTICS OF GLOW-DISCHARGE 


REFERENCE TUBES 


A short article based on an Electronics and Communications 
Section paper (3175) with the above title by F. A. Benson, 
D.Eng., Ph.D., Associate Member, and P. M. Chalmers, 
B.Eng., Graduate. The paper was published in Part B of the 
Proceedings, vol. 107, p. 199. It was read before the Section 
at Savoy Place on the 8th May 1961 (see p. 476). The authors 
are in the Department of Electrical Engineering, University of 
Sheffield, 

The following papers were read at the same meeting: paper 
3174 ‘The corona-discharge and its application to voltage 
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stabilization’ by E. Cohen and R. O. Jenkins (see p. 441) and 
paper 3420 ‘Comparison of argon, krypton and xenon as 
admixtures in neon glow-discharge reference tubes’ by F. A. 
Benson and G. P. Burdett (see p. 438). 


HEN a small alternating voltage is superimposed on the 
steady operating voltage of a glow-discharge tube, the 
impedance presented to the alternating signal increases with 
frequency. The impedance has inductive and resistive com- 
ponents at audio frequencies, but the reactance is capacitive 
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Papers read (continued) 


at higher frequencies of about 1 Mc/s. For certain tube appli- 
cations, e.g. switching elements in automatic telephony, a low 
a.f. impedance is desirable, and, in some voltage-stabilizer 
circuits, transient response of the glow-discharge tube is an 
important factor that can be assessed if its equivalent circuit 
is known. 


Impedance loci 

Many attempts have been made to explain the origin of the 
observed effects. An early theory, derived by considering 
perturbations about the steady-state maintenance condition 
and assuming that physical quantities in the discharge (e.g. 
space charge etc.) can be regarded as functions of the instan- 
taneous current and voltage alone, predicts that the impe- 
dance loci (reactance/resistance curves) should be semicircles 
(neglecting displacement current). 


The impedance Z of the discharge tube derived by cop. 


sidering n delayed effects has this form: 





a k=n+1 a, 
TT eee ok 
1+ jwr, a2 1+ jor, 
where do, a; . . . a, have the dimensions of resistance and Ty 


T2...T, are the time-constants of the various delay pro. 
cesses. The second term of this expression is regarded as the 
contribution from the discharge process itself, and the last 
term is attributed to the delayed-effect processes. Thus, the 
impedance loci can consist of any number of semicircle com- 
ponents, depending on the number of delayed effects, 
Impedance characteristics of tubes have been measured 
over the frequency range 300c/s—5 Mc/s to confirm the theory 
and to obtain the equivalent circuit of a tube. The measured 
impedance loci, when analysed according to the theory, can 
be represented by a series of vectors whose individual loci 
are semicircles each having a different time-constant r. Fig, | 
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1 Modified impedance locus of a pure-neon tube, showing component semicircle loci 


7 = 300 us, t2 = 13 us, t3 = 0°64 us, ty ~ 0°04 us, ts = 0-02 us 
ay = 1kQ, a2 = 6kQ, a3 = 5-5kO, ag ~ 62kQ, as = —30k2 





The impedance locus of a tube has the same form as that 
predicted by this theory if it is extended to include several 
delayed effects. In most glow discharges there are secondary 
processes of electron production, e.g. the Penning effect, 
which can be regarded as retarded functions of current and 
voltage since they are associated with a delay time. Such 
processes affect the form of the tube impedance locus con- 
siderably. 
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shows how the measured locus for a pure-neon tube can be 
represented. To obtain the locus, the effective tube capact 
tance has been subtracted from the measured values of 
capacitance because the theory neglects displacement current. 

The loci for pure-neon tubes and tubes with neon-argoa 
mixtures containing less than 0-1% argon can be resolved 
into five semicircular loci, i.e. into four active delay times. 
Tubes having more than 0-1% argon have one less delay 
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time, since the delay associated with the lifetime of neon 
metastable atoms is reduced to a negligibly small value by 
ionizing collisions with argon atoms. 


Analysis of results 

When analysing impedance loci at high frequencies, the 
vector corresponding to the semicircle having the smallest 
time-constant must be given a negative sign. The delay time 
associated with this locus is thought to be related to the 
positive-ion transit time in the cathode-fall region of the 
discharge. Thus, the frequency where the reactance is zero 
will not necessarily be correlated with the ion transit time, 
which has been suggested, but also depends on the larger 





delay times that influence the impedance-locus form at lower 
frequencies. 

Analysis of the results for a pure-neon tube indicates that 
the larger time-constants of the semicircular loci are indepen- 
dent of the tube current. The loci diameters are approximately 
inversely proportional to current. The larger delay times 
could be due to thermal lag associated with the heat-conduc- 
tion mechanism from the cathode. The temperature variations 
in the cathode region will produce small gas-density variations 
and consequently running-voltage changes. Another possible 
delay time is that associated with the lateral growth of the 
discharge. 


621.387 : 621.316.722 


VOLTAGE STABILIZATION BY CORONA-DISCHARGE 


An Electronics and Communications Section paper (3174) 
‘The corona-discharge and its application to voltage stabilization’, 
by E. Cohen and R. O. Jenkins, Ph.D., F.Inst.P., was published 
in Part B of the Proceedings, vol. 107, p. 285. It was read 
before the Section on the 8th May 1961 at Savoy Place (see 
p. 476). This short article is based on the paper. Dr. Jenkins is, 
and Mr. Cohen was formerly, with the General Electric Co. Ltd. 
Mr. Cohen is now with the Central Electricity Generating 
Board. 

The following papers were read at the same meeting: paper 
3175 ‘Impedance]|frequency characteristics of glow-discharge 
reference tubes’ by F, A. Benson and P. M. Chalmers (see 
p. 439) and paper 3420 ‘Comparison of argon, krypton and 
xenon as admixtures in neon glow-discharge reference tubes’ by 
F, A. Benson and G. P. Burdett (see p. 438). 


T is only relatively recently that the corona gas-discharge 

has been applied to voltage stabilization. The glow- 
discharge tube has been used for this purpose for many years 
and is now regarded as a conventional component in elec- 
tronic circuits. The glow discharge generally operates in the 
neighbourhood of 100 V and with currents up to about 100mA. 

There are now a large number of requirements for stable 
sources of voltage much above this value, where the currents 
supplied are about 0-1-1 mA. 

The corona type of discharge can be made to operate in 
these conditions with a suitable electrode system and gas. A 
corona discharge takes place when one of the two electrodes 
is of a form that concentrates a high electric field at its sur- 
face. The discharge then appears as a glow at the surface, 
possibly with streamers reaching out towards the other 
electrode, a phenomenon only too well known in h.v. 
engineering. 


Corona stabilizer tubes 


For voltage stabilization, a current/voltage characteristic is 
required with a voltage drop as constant as possible over an 
adequate range of current. It has been found that the best 
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geometry to achieve this is an axial anode wire in a cathode 
cylinder, and the best gas filling is pure hydrogen. The form 
of the discharge is shown diagrammatically in Fig. 1. The 
main potential difference appears across the ionizing region 
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anode 
1 Diagram of the discharge 





and is almost independent of the current being passed. The 
positive-ion region presents a positive impedance to the 
current, usually about 10-100KQ. At very low currents, 
usually in the neighbourhood of 101A, the discharge becomes 
intermittent. If the current exceeds about 1 mA, streamer for- 
mation begins and the discharge changes to one with a lower 
voltage. The actual values of these limiting currents depend 
on the electrode dimensions and gas pressure. 

Fig. 2 shows a group of tubes designed to operate in the 
range 350-7000V. The operating voltage with a given elec- 
trode structure is approximately proportional to the hydrogen 
pressure, which varies from a few centimetres of mercury for 
the lowest voltage up to nearly atmospheric for the highest. 
The tubes must be made and processed so that the electrodes 
do not absorb the hydrogen in operation, and the operating 
voltage then stays constant during life. In practice, a slow 
voltage drop of 1-2°% may take place over about 10000 hours. 


Application of tubes 
In use, the tube is connected to the unstabilized h.v. supply, 
whose output voltage is generally 20-50% in excess of the 
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a b c d 


2 Corona stabilizer tubes 


a Type S.C.4 4-7kV 
b Type S.C.2 2-4kV 


c Type S.C.1 350-2000 V 
d Type S.C.3 350-2000 V 


tube voltage, via a series resistor of 1-10 MQ. The load circuit 
is connected directly across the tube. The stabilization ratio 
of input-/output-voltage fluctuations is approximately the 
ratio of the series resistance to the tube impedance and is 
thus generally in the range 20-100. 

The tubes are used for stabilizing h.v. supplies in a variety of 
applications. Examples of these are the supplies to nucleonic 
equipment such as Geiger and scintillation counters, which 
usually operate up to about 2kV. They are also used in high- 
precision cathode-ray-tube circuits at somewhat higher volt- 
ages, and for stabilizing h.v. supplies in a number of special- 
ized equipments. One interesting example is in gas-chromat- 
ography-analysis systems, where very small changes in 
current through a gas-discharge tube have to be observed, 

The corona-discharge tube thus takes its place alongside 
the normal glow-discharge stabilizer tube, extending the 
range of voltage that can be covered by the relatively simple 
shunt stabilization method. The operating voltage can be 
increased above the figures given by increasing either the 
tube diameter or the gas-filling pressure. The latter is prefer- 
able, as it keeps the tube impedance lower. As the pressures 
are then above atmospheric, a metal envelope with ceramic 
insulation is the most satisfactory method of tube construction, 


and such tubes operating up to 25kV are made. 
621.387 : 621.316.722 


Non-linear filter, predictor and simulator 


A brief article based on a Measurement and Control Section 
paper (3270) entitled ‘A universal non-linear filter, predictor 
and simulator which optimizes itself by a learning process’ by 
Prof. D. Gabor, F.R.S., Member, W. P. L. Wilby, Ph.D., and 
R. Woodcock, Ph.D. The paper was published individually in 
July 1960 and is republished this month in Part B of the Pro- 
ceedings. It was read before the Section at Savoy Place on the 
6th December 1960. Prof. Gabor is Professor of Applied 
Electron Physics, and Drs. Wilby and Woodcock were formerly 
in the Department of Electrical Engineering, Imperial College 
of Science and Technology, University of London. Dr. Wilby 
is now with J. F. Crosfield Ltd., and Dr. Woodcock is with 
Marconi’s Wireless Telegraph Co. Ltd. 


| Apnoeengion and Wiener demonstrated almost 20 years 
ago that the filtering and the prediction of stochastic 
series are special cases of the same mathematical problem. It 
is now realized that this problem can be extended without a 
logical break to include recognition of characters, re-coding 
and even translation from one language into another. But 
though the problem has grown, its mathematical solution has 
hardly progressed since Wiener’s brilliant work on the 
optimum linear filter. 

One of the authors (D. G.) suggested in 1954 a short cut 
through the mathematical difficulties by proposing a general 
non-linear filter which would optimize itself by learning. Such 
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a filter must be a highly flexible mathematical operator, a 
‘function transformer’, which can be adapted to a variety of 
problems by suitable adjustment of ‘a great number of 
variable parameters. 


The learning process 


In the learning or teaching process, the machine is presented 
with problems together with their solutions, For instance, if 
it is to act as a filter for a certain type of stochastic series, it 
is fed at its input side with long samples of such a series, i.e. 
with a certain type of signal contaminated with a certain type 
of noise, and at the same time it is presented with the signal 
in its pure form. It can be instructed to produce the second 
out of the first by comparing in a trial its own output with a 
‘target function’, which in this case is the pure signal, and by 
establishing a feedback from the error to the variable para- 
meters of the filter. This feedback must act in such a way as 
to diminish the error at the next trial. 

It was shown that a monotonic descent to a unique mini- 
mum error is safeguarded if (a) the variable parameters 
figure in the output as linear coefficients in a series, and 
(b) if the least-mean-square error is chosen as success 
criterion. Such a steady improvement without setbacks is, of 
course, rather different from the learning of humans oF 
animals, which proceeds by mistakes and their correction. 

The same machine can be trained to predict a stochastic 
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series, if it is presented with an advanced value of the same 
series as target function. An interesting case arises if the input 
and the target function are copies of the input and output of 
some unknown mechanism. By the same instruction—‘pro- 
duce the target function from the input function’—the 
machine will then make itself into a model of the unknown 
mechanism, provided, of course, that its own design is 
sufficiently general and flexible. 


Mathematical principle 

What are the requirements regarding the organization of a 
general filter if it is to solve such problems successfully? 
Evidently it must be able to extract the statistical regularities 
of the stochastic series on which it is to operate. In practice, 
these are always discrete series, because any physical mecha- 
nism operates in a finite waveband, and it is known that in a 
waveband F all information is contained in its samples taken 
at ‘Nyquist intervals’ + = 1/2F. 

In Markoff’s method, the statistical regularities are des- 
cribed by the chain of conditional probabilities between the 
terms of the series. Let Nr be the longest interval of causal 
connection in the series, beyond which the terms can be 
considered as independent. In that case, the filter input must 
consist of N data, the last N samples preceding the present 
instant, and the machine must in principle be capable of 
producing a general function of N variables. 

In our machine we have made N = 18, and we produce a 
polynomial expression of the samples so . . . 5; with 94 terms, 
which we expect to be sufficient for many applications. Each 
term is the product of certain samples, with a variable 
coefficient c. Even this large number of terms requires a 
considerable restriction in the number of higher-order terms. 
(With 18 variables one can construct 184/2.3.4 = 4374 fourth- 
order products!) Our scheme is: 18 terms of first order, 34 of 
second, 36 of third and 6 of fourth order. This requires 
76 multiplications of samples, to be carried out in parallel 
2F times per second, i.e. 400 times/sec in our machine, which 
is designed for a pass band of 200c/s. 

Providing such a great number of fast-acting multipliers 
faced us with a rather difficult problem, which was solved 
by the invention by another of the authors (W. P. L. W.) of 
4 new type of analogue device, the piezomagnetic multiplier. 
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Learning filter 

A block diagram of the learning filter is shown in Fig, 1 
and a photographic view in Fig. 2. The stochastic series to 
be filtered is recorded in parallel on 18 tracks of a magnetic 
tape. A 19th track is provided for the target function, and 
a 20th for synchronization. The 18 samples delayed by 0... 
17 Nyquist intervals are read out by 18 staggered magnetic 





2 ~=~View of the learning filter, October 1959 


In the left foreground is the 20-track tape recorder; at the right 
is the control panel. Around the racks from left to right are: 
demodulators, power supply, multiplier racks, control of potentio- 
meters, 96 servo-controlled potentiometers, selectors and arith- 
metical circuits 


heads. These are fed into the filter, which contains 76 multi- 
pliers of the new piezomagnetic type. These 76 products, as 
well as the 18 samples themselves, are multiplied by adjust- 
able coefficients, which are provided, as usual in analogue 
machines, in the form of servo-controlled potentiometers. 


at 


Papers read (continued) 

In each cycle of the learning process, a sample of the tape is 
scanned and then rewound, the rewinding interval being used 
for resetting the adjustable coefficients. A comparator 
continuously measures the error, i.e. the difference between 
the output and the target function, which is then squared and 
integrated over the whole run to provide the error criterion. 
Only one coefficient is adjusted after every run, by an auto- 
matic process. The elements which compute the error criterion 
are made in triplicate, so that in every run the mean-square 
error is computed for three values of the coefficient in 
question. 

It is a great advantage of the mean-square-error criterion 
that its dependence on the value of one of the coefficients is 
always a simple parabola, which is fully defined by three 
points. An arithmetic unit called ‘minimum computer’ 


calculates from this the optimum setting of the coefficient ig 
question, and the coefficient is set to this value by an auto. 
matic servo-system. In the next run, a second coefficient jg 
adjusted, and so on, until the minimum error is reached ag 
closely as is worth while. As a rough rule, M adjustable 
coefficients will require 4M? runs in order to get inside about 
1% of the absolute minimum obtainable by the machine, 
The machine was brought, in three years’ work (1956-59), 
to a stage at which it could first be tested on rather simple 
linear problems in which the result could be theoretically fore. 
seen, and it has shown very satisfactory reliability. The work is 
being continued, with a view to more complicated applications, 
We were enabled to carry out this research and to construct 
the apparatus by the generous assistance of the Admiralty 
Signals and Radar Establishment, who were the sole sup. 
porters of this work. 681.142: 621.317.79: 621.391 





THE JOURNAL DIGEST 


In this monthly section are articles based on, or summaries of, 
papers published in the Proceedings of The Institution that have 
not been read at Institution meetings. The articles are on topics 
of some general interest and are written by the authors of the 
papers. The authors have been asked to make the articles, so far 
as possible, interesting and of appeal to electrical engineers who 
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have no specialized knowledge of the topics covered. The contents 
of the articles develop the main points and conclusions of the 
papers, although their subject-matter is not necessarily confined to 
that of the original papers. The summaries are included primarily 
for reference. Reprints, price 2s., become available about two 
months after publication 


Measurement of thermal-neutron flux intensity 


A short article based on a Measurement and Control Section 
paper (3535) ‘The continuous measurement of thermal-neutron 
flux intensity in high-power nuclear reactors’ by W. R. 
Loosemore, B.Sc., and J. A. Dennis, B.Sc., A.Inst.P. The paper 
is published this month in Part B of the Proceedings. The 
authors are at the U.K.A.E.A. Atomic Energy Research 
Establishment, Harwell. 


MEAN-Current-fission ionization chamber has _ been 

developed which may be used to monitor continuously 
the thermal-neutron flux intensity in the core of a high- 
power nuclear reactor for periods of at least 12 months 
without appreciable change in sensitivity. Figs. 1 and 2 show 
general views of the chamber, which is designed for operation 
at up to 500°C in a neutron flux of 10'°-10!'*n/cm2/sec. 

The metal parts of the chamber are made of stainless steel, 
and all joints are argon-arc welded. The cylindrical electrodes 
are about 2cm in diameter with a 1mm annular gap between 
them. By using two connecting cables, one for supplying a 
polarizing potential between the electrodes and the other 
attached to a low-impedance current-measuring circuit, 
errors due to insulation leakage effects can be minimized. 


Coating of electrodes 


The adjacent surfaces of the electrodes may be coated with 
fissile material to enhance the sensitivity to thermal neutrons, 
and the chamber is carefully vacuum-processed and filled 


ond 


with xenon gas at a pressure of 570mmHg. A maximum 
saturation current density of 40uA/cm? can be drawn with 
an operating voltage of 450 V, corresponding to a total output 
current of 1mA when the area of each electrode is 25cm?. 
The maximum recommended output current is 700A, 
which may be obtained in a thermal-neutron flux of 
10!3n/cm2/sec by depositing a total of 0-48mg uranium 235 
on the electrodes in the form of U;O,. The output current 
produced from this coating decreases by about 20% after 
an irradiation period of one year in a flux of 10!3n/cm2?/sec, 





1 General view of single-containment ionization chamber 
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owing to depletion of the fissile material, but this effect may 
be reduced by adding to the coating an appropriate quantity 
of uranium 238, when capture of neutrons results in the 
formation of plutonium 239 by the process: 


238U(n, y)??9 U® 33-Sein 239Np B2-33days 239p,, 





Subsequent thermal ‘fission of plutonium 239 produces 
ionization which can be made to compensate for the deple- 
tion of uranium 235. The value of the capture cross-section 








magnitude of this slow drift limits the operating range of 
the detector for any desired accuracy. The effects were studied 
in the Lido and Bepo reactors with chambers having 
electrodes of plain stainless steel, plain titanium and stainless 
steel coated with fissile material. The prompt component in 
equilibrium in a neutron flux intensity of 10!3n/cm?/sec 
increased from 90% of the total output current for plain 
stainless-steel electrodes to 99-:4°% when a fissile coating of 
thickness 0-01 mg/cm? was added. 
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2 Construction of single-containment ionization chamber 


D alumina plugs 
E stainless-steel braid 
F magnesia-insulated cables 


A collector electrode 
B guard-ring electrode 
C h.t. electrode 


G metal-alumina seals 
H alumina insulators 
I filling tube 





of uranium 238 is greatest for neutron energies between 1eV 
and IkeV, and hence the optimum ratio of uranium 238 : 235 
is a function of the neutron-energy spectrum in this region, 
which in turn depends on the type of reactor, the lattice 
parameters and the neutron temperature. For a typical large 
graphite-moderated gas-cooled reactor operating in the range 
300°-500°C, the optimum atomic ratio is about 14 : 1, when 
the effective fission cross-section of the mixture can be main- 
tained constant within +2% over the design life of the 
chamber. 


‘Prompt’ and ‘residual’ components 


When a chamber is irradiated in a 
reactor, the output current can be divided 
into a large ‘prompt’ component that is 
immediately associated with the neutron 
flux and a smaller ‘residual’ component 
that tends to persist after removal of 
the flux. The prompt component is due 
to ionization from fission fragments in 
the chamber and from the effect of 
prompt y-radiation produced during 
fission in the reactor fuel and by neutron 
absorption in the materials of the reactor 
and the ionization chamber. 

The residual component is due to the 
B- and y-radiations from fission products 
and activated materials in the chamber 
and the reactor. These residual effects 3 
result in a slowly varying component of 
the chamber output current: following a 
sudden change in reactor power, and the 
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Irradiation of ion chambers 


To investigate the effects of radiation damage on the 
chamber materials and especially on the adherence of the 
fissile coating, a series of chambers were irradiated in the 
Harwell high-flux reactor Pluto at between 350° and 500°C. 
Fig. 3 shows the heavily shielded flask used for inserting the 
ion chamber into the reactor and for withdrawing it at the 
end of an irradiation period; the insert to Fig. 3 shows the 
ion chamber mounted on an experimental rig. These experi- 
ments showed that there is no substantial deterioration in 
performance over a period equivalent to one year in a thermal- 
neutron flux of 10!3n/cm?/sec, and that the decrease in 





Shielded flask used for putting experimental chambers into Pluto reactor 


The insert photograph shows the ion chamber mounted on the right-hand end of an experi- 
mental rig. The rig is placed into the flask, which is then clamped to the reactor face; external 
controls on the flask enable the rig to be moved into or out of the reactor. The end face of 
an opefational rig in position is visible at the right-hand edge of the illustration 
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sensitivity over the period can be accounted for by the 
expected depletion of uranium 235. ‘ 

Two groups of three chambers are being irradiated in a 
Chapelcross reactor to gain experience in handling them in 
operational conditions and to confirm the predicted com- 
pensating effect of a mixed coating of uranium 238 and 
uranium 235 owing to the formation of plutonium 239. 


As the neutron flux is increased towards 10'* n/cm? see, 
the attractions of a fissile coating decrease, because the 
residual current owing to chamber and reactor activities, 
becomes comparable with that produced in a chamber with 
uncoated electrodes of titanium, while the difficulties of com. 
pensating for depletion effects in the coating become greater, 

The uncoated titanium-electrode chamber may also have 
advantages at a flux intensity as low as 10'?n/cm?/sec if very 
long irradiation times are envisaged.  621.374.32:621.317.79:621.039 


Aerial survey of terrestrial radioactivity 


A short account based on a non-Section paper (3545) with the 
above title by D. Williams, B.Sc., and H. Bisby, B.Sc., 
Associate Member. The paper is published this month in 
Part B of the Proceedings. The authors are at the U.K.A.E.A. 
Atomic Energy Research Establishment, Harwell. 


COMPLETE atomic-energy programme gives rise to some 

interest in surveying land areas to determine the con- 
centration and distribution of y-emitting radioactive material 
contained within, or deposited on, the Earth’s surface. In the 
geological search for new sources of uranium, or should an 
emergency survey for fission-product contamination of the 
land surrounding nuclear installations be required, large 
areas must be surveyed efficiently and rapidly. While surveys 
on the ground, using portable instruments or car-mounted 
equipment, can provide detailed information, a preliminary 
assessment of great value can be obtained speedily and 
economically by means of an aerial survey. 


Contributions to y-radiation 


The technique uses y-detectors of high sensitivity that 
are flown at a constant ground clearance (500ft) along a 
predetermined flight path, forming a grid of parallel lines or 
a network of concentric circles covering the area. A specific 
measurement of y-radiation originating from source material 
on the surface is, however, complicated by the presence of 
similar radiations, giving comparable contributions, that 
originate from other sources, such as cosmic radiation, radon 
in the atmosphere, fall-out from weapon trials and natural 
y-emitters in detector and aircraft components. Their typical 
contributions to the observed counting-rate, summarized in 
Table 1, show variations with location. 

Assume, for the purpose of illustration, that the y-flux 
at 500ft ground clearance was measured simultaneously at 
selected points on the flight plan, and points of equal y-flux 
were joined to form a radiometric contour map. If maps were 
thus made at successive intervals of time, the contours would 
be seen to change their positions, distorting about localized 
‘high’ and ‘low’ radiometric centres. These centres would 
correspond to areas of high and low ground activity, from 
which the y-flux remains reasonably constant, and the 
distortion would arise from the variable contributions from 
other y-sources. 
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In fact, such a set of instantaneous measurements cannot 
be made, and the only known practical approach is to apply 
a form of control during the execution of the flying programme 
so that the effects of interfering radiation can be made 
negligible either by their inherent reduction or effective 
compensation. Thereby, a near approximation can be obtained 
to the true y-flux patterns that arise from sources in the 
ground. 

In addition to the variations due to other y-sources, the 
radiation from the ground is attenuated by media between 
the source and detector, such as thin layers of rock overlying 
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the source material (overburden) and intervening air. In 
geological survey, neither the depth nor the type of over- 
burden is known, so compensation for y-absorption is not 
possible and information of greatest value comes from a 
comparison of the count rate produced by the detector at 
one point A over one area with that subsequently produced 
at another point B over another area. Considerable emphasis 
has thus been placed on the design of a detecting system of 
high stability and sensitivity in flight conditions. 


Corrections to counting-rate 

From empirical curves such as in Fig. 1, the recorded 
counting-rate can be automatically corrected to a mean 
ground clearance (S00ft) where the aircraft altimeter shows 
significant deviations. Other corrections are necessary when 
the total contribution from interfering radiations (datum 
counting-rate given in Table 1) is different from point A to 
point B or has varied in the interval between measurements, 
which may be several weeks on a large-area survey. 

The most significant variation in datum counting-rate 
arises from the radon content in air, other contributions being 
constant or made small by design. When the radon distribu- 
tion over the survey area is uniform, a datum value at any 
time can be established by repeating flights over a ‘control’ 
flight-line at prearranged times. Subtraction of these datum 
values from the observed counting-rates corrected to 500ft 
ground clearance thus gives comparative values that are 
acceptable for deducing the surface distribution of y-emitters. 
If the radon distribution is not uniform, the control becomes 
more complex and ideally involves repeated flights over as 
many well defined control points, uniformly distributed over 
the area, as are economically feasible. Thereby time-varying 
datum values can be established for the measurements at 
interpolated points. 








Table 1. Typical contributions to scintillation-detector counting- 
rate at 500ft ground clearance 


ae causing variation 


source of radiation | contribution 





counts/sec 


200-700 


Terrestrial radioactivity 
natural radioactive | surface geology 
| 


material 


Deposited radioactivity 


nuclear installations weather conditions 


| 
290 from 1yuc/m2 | 
} 


(iodine131) at time of release 
normally negligible 
fall-out 0-200 | rate and magnitude 
of weapon trials; 
aoe | rainfall 
Datum radioactivity 
cosmic radiation 7 at sea level latitude and altitude 
radon in air 90-350 | surface geology and 
weather 
conditions 
detector and aircraft 10-100 
components 
Total counting rates 
terrestrial 200-900 
datum 100-360 


In environmental survey, the deposited contamination is 
unlikely to be covered by overburden, so the observed 
counting-rates, duly compensated for datum changes and 
corrected for ground clearance,can be related to the deposited 
quantity (juc/m?) of iodine131, if present alone. The accuracy 
and sensitivity attainable depend on the distribution of 
natural radioactivity in the country rocks underlying the 
contamination, but again a measure of compensation is 
possible if data are available from a survey of the same area 
carried out before deposition occurred. 621.387.464 : 550.378 


Electrical determination of moisture in paper 


A brief article based on a Measurement and Control Section 
paper (3590) with the same title by T. S. McLeod, M.A., 
Associate Member, and A. E. Yallup, A.M.I.Mech.E., Graduate. 
The paper is published this month in Part B of the Proceedings. 
Mr. McLeod is with the Plessey Co. Ltd. Mr. Yallup was 
formerly with the British Paper and Board Industry Research 
Association and is now at the British-American Tobacco 
Company Research Establishment. 


- giahes in contact with the atmosphere absorbs or releases 
moisture, reaching an equilibrium that depends on the 
relative humidity. The moisture content lies between 2 and 
14% by weight, with up to 3% hysteresis. Moisture content 
has a marked effect on the physical properties of paper, which 
is brittle when it is dry and weak when it is moist. Most 
Papers are at their best with about 6-8% of water, which 
corresponds to relative humidities between 50 and 70%. 

It is important that in the manufacture of paper it should 
be dried to this figure, not only to give maximum strength 


JULY 1961 





but also to ensure that expansion or contraction as it comes 
into equilibrium with the atmosphere in which it is being 
worked does not cause it to distort. Fig. 1, a recording of 
moisture content taken over 24h in a mill, shows how far 
from the correct condition paper can be. 


Basis of measurement 

As paper moisture content increases, its ohmic resistance 
falls logarithmically, and its dielectric constant increases 
linearly. Either effect may be used to measure moisture 
content, but the resistive method is unduly affected by small 
changes in the materials used in manufacture and tends to 
measure only the driest layer. 

Measurements on a moving paper web are most conve- 
niently made by a fringing capacitor. The electrodes must be 
large enough to support the capacitor on the paper web, and 
they must be far enough apart for the field to penetrate 
through the paper and not to be unduly affected by small 
irregularities. Electrodes measuring 6 < 4in. with din. gaps 
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meet these requirements, but they give a change of only 
10-2pF for 4% change in the moisture content of 40g/m? 
paper. Fig. 2 shows an instrument in use. 





1 A 24h recording in a mill making 0-025 in. chipboard 








A transistorized development of the Blumlein coupled- 
inductance-capacitance bridge gives the required performance. 
The choice of insulators and other components to withstand 
temperatures up to 100°C, combined with extreme variations 
of humidity, has caused much difficulty, but solutions have 
been found. 

Fig. 3 shows the result of spot checks taken over several 
days in a paper mill. The only way of checking the accuracy 
of the meter is to cut a sample from the moving web and 
check its moisture content by weighing. This procedure gives 
a probable error of about +0-5%, and it will be seen from 
Fig. 3 that the accuracy of the meter is at least as good as 
this. 

Isolated samples of paper may be checked by supporting 
them on a foamed-plastic backing and placing a head with 
circular electrodes on the paper. Parallel electrodes show 
dielectric constants 10% higher across the web than parallel 
to it, presumably because of the orientation of the fibres. 


Stages in absorption of moisture 

There are three stages in the absorption of moisture by 
paper. The first 2% of moisture is taken up very rapidly with 
a high binding energy and can only be removed by prolonged 
heating over 100°C. This 2% has little effect on the physical 
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2 Measuring head in operation 


properties of the paper. The next 10 or 12% causes a loga- 
rithmic decrease in resistance, a linear increase in dielectric 
constant and a linear swelling. Strength and toughness reach 
a maximum in the middle of this range and then deteriorate. 
Above 12% moisture content, the dielectric and resistance 
curves flatten out, and the paper becomes very weak, 
eventually disintegrating. 

X-ray analysis has shown that two-thirds of the cellulose 
in paper is crystalline and the rest amorphous. If each non- 
crystalline molecule has one free valency bond and this can 
take up one water molecule, the first 2° of moisture is 
accounted for. Being in chemical combination, it has a high 
binding energy and does not affect the physical properties. 
The next 10 to 12% of moisture is taken up between the 
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fibres, forming an effective gas inside the cellulose lattice. 
This accounts for the linear increase in dielectric constant 
and the swelling. In the third stage, the water molecules have 





started to coalesce, causing the dielectric-constant curve to 
flatten out and pushing the fibres so far apart that they lose 


cohesion. 


621.317.39 


Energy losses in a hydrogen-filled thyratron 


A short article based on an Electronics and Communications 
Section paper (3619) ‘Measurement of energy losses in a 
hydrogen-filled thyratron in modulator duty’ by H. de B. 
Knight, M.Sc., F.Inst.P., Member, and J. Lord, D.L.C. The 
paper is published this month in Part B of the Proceedings. 
The authors are with Associated Electrical Industries (Rugby) 
Lid. 


HE electrical conditions in which thyratrons may be used 
in modulator service are limited by the temperature of 
the electrodes, and hence by the energy losses in the arc. If 
the cathode is too hot, electron-emissive material may be 
evaporated from its surface. Besides shortening the life of 
the cathode, this may lead to contamination of the grid, 
rendering it liable to emit electrons. 
The danger of grid emission is accentuated if the grid 
itself becomes hot. There may then be a current of electrons 
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2 Typical waveforms of current through and voltage across 


thyratron 


Leading edge, steady state and trailing edge indicate approximately 
the periods in which the losses Wz, Wg and Wy occur 





1 Calorimeter for energy-dissipation measurement 


Showing thyratron, water-cooled oil container, outer shield cylinder, and paddle 
system for circulation of oil 
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across the space between the anode and 
the grid during the inter-pulse period. 
Such a current causes heating of the 
anode. It may also be accompanied by 
the emission of X-rays. The electrode 
temperature may rise rapidly by a 
cumulative process in which the grid 
becomes progressively hotter owing to 
radiation from the anode, and the effect 
is enhanced by the increase in the arc 
loss at the anode as the local gas 
density falls. 


Energy losses in valves 


A study was made of the energy 
losses in valves filled with hydrogen or 
deuterium to determine how these varied 
with the conditions of operation. 
Measurements were made by means of 
a calorimeter (Fig. 1), with the valve 
immersed in oil. The losses may be con- 
sidered as made up of three components, 
as illustrated in Fig. 2. These are the 
leading-edge loss W,, occurring as the 
current pulse rises to its peak value and 
the voltage across the valve falls to its 
steady arc-drop value; the steady-state 
loss Ws, while the arc drop is constant; 
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and the trailing-edge loss W7;, associated with the reverse 
current when inverse voltage appears across the valve at the 
end of the pulse. 

In order to determine the relative importance of these 
components and the features on which they depend, it is 
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3  Pulse-chopping circuit 
P.F.N.—pulse-forming network 


4 Oscillograms of current pulses in valves in pulse-chopping 
circuit 
Showing pulses in sequence in valves V;, V2, V3 of Fig. 3. Calibra- 
tion marks at 1 ys intervals 
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necessary to separate them for measurement. This was 
accomplished by a pulse-chopping method that is illustrated 
in Fig. 3. If valves V,, V, and V3 are fired in sequence at 
suitable intervals, a part of the total current pulse passes 
through each valve in turn, as shown in Fig. 4. In these 
conditions, the loss W;, occurs in V;, and W; in V3, in each 
case accompanied by a portion of Ws; the loss in V, consists 
of Ws only. From measurement of the losses in the three 


B.B.G. television 1939-60 


A summary of a Review of Progress (paper 3588) with the above 
title by E. L. E. Pawley, O.B.E., M.Sc.(Eng.), Member. The 
paper is published this month in Part B of the Proceedings. 
Certain matters common to both television and sound broad- 
casting, such as international co-operation, frequency measure- 
ment, electrical interference and engineering training, were 
included in a companion paper (3560) ‘B.B.C. sound broad- 
casting 1939-60’ by the same author. This companion paper 
was published in May 1961 in Part B of the Proceedings, and 
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valves separately, it was possible to estimate the value of each 
component. 

Another method of separating the losses is to eliminate 
either or both of the leading- and trailing-edge losses by the 
use of a saturable reactor in series with the anode of the 
valve. Tests made by each of these methods gave similar 
results, confirming the suitability of the techniques. They 
also indicated the advantages obtainable by the use of the 
saturable reactor, particularly in the extension of the range 
of permissible gas pressure. 


Dissipation rates 

The measurements showed that the leading-edge loss may 
be important at low gas pressure but is negligible at normal 
pressure, in so far as it is due to the main current pulse, 
There may, however, be a significant energy dissipation in 
the valve owing to the discharge of the capacitance between 
the cathode and the anode. This capacitance is partly the 
inter-electrode capacitance of the valve itself and partly stray 
capacitance, which should therefore be reduced to a minimum. 
The steady-state loss varies with the pulse length, but less 
than linearly. The trailing-edge loss is proportional to the 
rate of fall of the current at the end of the pulse and to the 
square of the amplitude of the inverse voltage. 

Typical dissipation rates in a thyratron filled with hydrogen 
at normal pressure and operated at 25kV, SOOA, 2s and 
500 pulses/sec, with a peak inverse voltage of 6-5kV and 
1 ws duration, are about 5W for W,, about 70W for Ws, and 
about 40W for W,. 

The values for deuterium are about 20-25 % lower than for 
hydrogen. These losses are superimposed on a steady dissipa- 
tion of 150W supplied for cathode and reservoir heating. 


Losses at the electrodes 


From observations of cathode temperature and of the 
visible heating of the anode and grid in some conditions of 
test, it was concluded, tentatively, that the steady-state loss 
is dissipated mainly at the cathode, the leading-edge loss 
mainly at the anode, and the trailing-edge loss partly (about 
one-half) at the anode and partly at the grid. 

621.387.132.223.017 : 621.376.5 


a summary of it appeared in the May 1961 Journal p. 308. The 
author is with the British Broadcasting Corporation. 


N 1939, the B.B.C. Television Service, which had opened in 
1936 and was the world’s first public high-definition service, 
was beginning to make headway with the public: it was 
estimated that, by the end of the year, some 80000 receivers 
would be in use. A single transmitting station was then in 
operation at Alexandra Palace, in North London. The 
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service had to be closed down on the Ist September 1939, 
however, because of the imminence of war, and did not 
reopen until the 6th June 1946. 


Restarting of television broadcasting 

In 1943, the Hankey Committee, appointed by the Govern- 
ment to prepare plans for the reinstatement of the service, 
recommended that it should be restarted in London and 
extended to the main Provincial centres as soon as possible 
on the same 405line standard as had been used before the 
war—no system giving appreciably higher definition having 
been developed at that time. 

The review surveys the building up of the nation-wide 
service, starting with the opening of a second transmitting 
station at Sutton Coldfield, near Birmingham, in 1949. At 
present, the service has been made available to 98-8% of the 
population of the United Kingdom, and the B.B.C. has a 
large number of additional low-power stations planned or 
under construction to extend the coverage to as near 100% 
as possible. 

The shortage of frequency channels, which places severe 
restrictions on the coverage of the service, and problems of 
frequency planning are discussed, as well as the means 
adopted to minimize co-channel interference. The number, 
efficiency and reliability of transmitting stations have steadily 
increased; many of the developments in transmitter design 
are common to both sound and television broadcasting, but 
the wide bandwidth required for television poses special 
problems. Developments in high-power tetrodes have led to 
a preference for high-level modulation. 

High-gain transmitting aerials have been developed to 
increase the effective radiated power in the horizontal plane, 
and aerials with horizontal directivity have been designed to 
reduce interference between stations on the same, or adjacent, 
channels. 


Changes in studio design 

Important changes have been made in the design of studios 
and studio centres. Control areas for vision and sound have 
been grouped together on the same level; improved methods 
of lighting and of lighting control have been developed; and 
equipment has been designed to enable one operator to 
control electrically up to four cameras in one studio. Lighting 
and vision-control operators have been placed side by side, 
Viewing the same picture monitors, to work together to 
ensure pictures of the highest quality. 

The new B.B.C. Television Centre, opened in June 1960, 
includes provision for colour and for a possible second 
programme; main production studios and interview studios 
have been equipped in a number of Regional centres. The 
first unattended interview studio was brought into use by 
the B.B.C. in 1957, and more recently a similar studio has 
been equipped with a camera in which all the normal opera- 
tional functions can be controlled remotely from a point 
some miles away. 


Camera and recording equipment 


Improvements in the design of cameras and camera 
channels have given improved picture quality; cameras using 
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44in. image-orthicon tubes are now preferred for both studio 
and outside-broadcast use. The design of lenses for television 
cameras has received much attention, and further improve- 
ments in picture quality have resulted. Zoom lenses have been 
designed with improved performance and a greatly increased 
range of variation in focal length. 

Telecine equipment for the transmission of film has 
changed fundamentally since 1949 with the introduction of 
the flying-spot technique. This enables the film to be scanned 
by a television raster produced on the end of a cathode-ray 
tube and gives pictures of greatly improved quality compared 
with those of the original system in which an image of the 
film was projected into a television camera. Telerecording 
equipment for the recording of television programmes, using 
film as the recording medium, has also been much improved, 
and the use of magnetic-tape recording (video tape) has come 
into widespread use. 

The planning of point-to-point television links is described, 
together with improved methods of measuring their per- 
formance. Developments in outside broadcasts have included 
the adoption of the image-orthicon camera for all normal 
purposes; the design of equipment that enables television 
pictures to be obtained from moving vehicles, including 
aircraft, ships at sea and submarines; and a radio camera 
that can be carried and operated by one man and requires no 
cables to connect it with its control point. 


Domestic receivers and colour television 

Major developments in the design of domestic receivers by 
the industry have included larger screens and brighter pictures, 
wide-angle cathode-ray tubes enabling the depth of receivers 
to be reduced, the use of the a.c.—d.c. technique, of miniature 
valves and of transistors, increased e.h.t. voltage obtained 
from the line fly-back pulse, multi-channel tuning, and 
flywheel synchronization for use in areas of low signal 
strength. 

Colour television on a modification of the American 
N.T.S.C. system has been developed experimentally, and it 
has been demonstrated that satisfactory results can be 
obtained although receivers need further development. 


Exchange of programmes 


International co-operation and the exchange of technical 
knowledge have assisted the rapid growth of the television 
medium and have led to improvements in the international 
exchange of programmes between European countries. The 
cablefilm process has enabled short news films for television 
to be exchanged between Europe and the United States, using 
the transatlantic telephone cable to transmit slow-scan vision 
signals. Standards—conversion equipment has been designed 
to permit programmes to be exchanged between European 
countries in which different television standards are used and, 
more recently, to allow programmes originating at a Euro- 
pean standard to be recorded on video tape at the American 
standard for export to countries using that standard. 

The review includes tables and maps showing the growth 
of the B.B.C.’s engineering facilities and the increase in the 
coverage of B.B.C. television during the period. 621.397.13 
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Papers published (continued) 
Tropospheric-scatter observations 


A summary of an Electronics and Communications Section 
paper (3576) ‘Tropospheric scatter observations at 3480 Mc/s 
with aerials of variable spacing’ by R. W. Meadows, B.Sc.(Eng.), 
Associate Member. The paper is published this month in Part B 


of the Proceedings. The author is at the Radio Research Station, 
Ditton Park, Slough, Bucks. 


re measurements are described of signal ampli- 
tude, fading characteristics, correlation distances and 


height gain at three ranges (130, 258 and 398km) from a 


transmitting system radiating horizontally-polarized waves. 
Although the results were variable and at times difficult to 
interpret, it is thought that 150A should be an adequate 
horizontal spacing, even at the shortest ranges, for directional 
receiving aerials operated in diversity, with a tendency 
towards smaller values for vertical spacing. 

Fading rates lying generally between 1 and 10 per second 
are found, with Rayleigh-type fading tending to occur at the 
longer ranges. No consistent relation between signal ampli- 
tude, fading and correlation distance is found, although the 
highest fading rates are often accompanied by low correlation 
distances. Cross-correlation measurements show definite 
evidence of the steady drifting of scattering centres. Diffraction 
effects leading to height gain are found, and there is some 
indication of standing waves due to ground reflections. 
Aerial siting is discussed, and the transportable equipment 


that was developed for the tests is briefly described. 
621.391.812.624 : 621.396.677 


Airborne microwave refractometer 


A summary of an Electronics and Communications Section 
paper (3553) ‘The construction and performance of an airborne 
microwave refractometer’ by J. A. Lane, M.Sc., Associate 
Member, D. S. Froome, B.Sc., Graduate, and G. J. McConnell. 
The paper is published this month in Part B of the Proceedings. 
The authors are at the Radio Research Station, Ditton Park, 
Slough, Bucks. 


HE authors describe the construction of a Birnbaum-type 
microwave refractometer and its application in studies 
of refractive-index variations at heights up to 20000ft. 
Practical problems encountered in airborne measurement 
are discussed in detail. Some typical results are given that 


illustrate the performance obtained in the measurement of 
refractive-index profiles and discontinuities. 
621.317.799.029.64 : 621.391.812.691 


Absolute calibration of voltage 
dividers 


A summary of a Measurement and Control Section paper (3641) 
‘The mathematical basis of the absolute calibration of voltage 
dividers for the measurement of front-chopped impulse waves’ by 
M. Ouyang, B.Eng., Ph.D., Associate Member. The paper will 
be published in Part A of the Proceedings. The author is at the 
Electrical Research Association Laboratory, Leatherhead. 


AS technique has recently been developed in the 
absolute calibration of dividers for the measurement of 
an impulse voltage that is chopped at its front within a 
fraction of a microsecond. By this technique, the theoretical 
error of a divider in idealized conditions can be calculated 
from the ‘ultimate time-displacement’, which is derived from 
the response of the divider to a unit-function voltage, 

The author discusses theoretically the basis and limitations 
of this technique and derives some properties of the ultimate 


time-displacement that are of practical significance. 
621.317.727.1 : 621.3743 


Some circuit applications of avalanche 
devices 


A summary of an Electronics and Communications Section 
paper (3610) with the above title by G. M. Ettinger, Ph.D. The 
paper will be published in Part B of the Proceedings. The 
author was formerly with Marconi Instruments Ltd. and is now 
with G. and E. Bradley Ltd. 


—— of p-n-p-n avalanche diodes in analogue 
computers, process control, oscillography and telemetery 
are discussed. These are based on a new voltage-controlled 
ramp-generator circuit of high linearity, which employs 
p-n-p-n diodes and silicon transistors, and on a p-n-p-n 
variable-width pulse generator circuit. Some compatible 
transistor-p-n-p-n circuits are discussed that overcome the 
problem of the relatively high striking voltage of p-n-p-n 
diodes. 

It is pointed out that several of the above functions can 
also be realized with triode transistors operated in the 
avalanche mode, and details are given of a single-transistor 


sampling oscilloscope circuit operating at up to nearly 2Ge/s. 
621.382.233 : 621.374.3 : 621.398 





THE JOURNAL DIGEST 


The date in italics is that of the Journal review, special article or 
synopsis. Where. given, the date in capitals is the month in which a paper 
or monograph was published individually 


PART A. POWER ENGINEERING 
1961) 
See the Journal for June 1961, p. 384 


(JUNE 
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IN THE PROCEEDINGS 


PART B. ELECTRONIC AND COMMUNI- 
CATION ENGINEERING (JULY 1961) 


R. W. MEADOWS, B.SC.(ENG.). PAPER 3576E ‘Tropospheric scatter 
observations at 3480Mc/s with aerials of variable spacing July 1961 


Communicated discussion on Television band compression by contour 
interpolation 
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p. D. R. SHEARMAN, B.SC.(ENG.). PAPER 3506£, FEBRUARY 1961 An 
investigation of the usefulness of back-scatter sounding in the operation 
of h.f. broadcast services May 196] 


5, L. E. PAWLEY, O.B.E., M.SC.(ENG.). PAPER 3588 B.B.C. television 
1939-60 (Review of progress) July 1961 


J, A. LANE, M.SC., D. S. FROOME, B.SC.(ENG.), and G. J. MCCONNELL. 
PAPER 3553E ‘The construction and performance of an airborne 
microwave refractometer July 1961 


p. WILLIAMS, B.SC., and H. BISBY, B.SC. PAPER 3545 The aerial survey 


of terrestrial radioactivity July 1961 


w, R. LOOSEMORE, B.SC., and J. A. DENNIS, B.SC. PAPER 3535M The 
continuous measurement of thermal-eeutron flux intensity in high-power 
noclear reactors July 1961 


proF. D. GABOR, F.R.S., W. P. L. WILBY, PH.D., and R. WOODCOCK, PH.D 


PAPER 3270M, JULY 1960 A universal non-linear filter, predictor and 
simulator which optimizes itself by a learning process July 1961 


T. S. McLEOD, M.A., and A. E. YALLUP. PAPER 3590M ‘The electrical 
determination of moisture in paper July 1961 


J. L. DOUCE, PH.D., M.SC., and R. E. KING, PH.D., M.SC. 
A self-optimizing non-linear contro] system June 1961 


PAPER 3523M 


H. DE B. KNIGHT, M.SC., and J. LORD, D.L.C. PAPER 3619E Measurement 
of energy losses in a hydrogen-filled thyratron in modulator duty July 
1961 


J. G. HENDERSON, B.SC. PAPER 3594M A simple electrodynamic multi- 
plier using torque balance June 196] 


PART C. MONOGRAPHS (MARCH 1961) 
See the Journal for March 1961, p. 179 





Electromagnetic forces in slotted structures 


Monograph 456U 
PROF. F. C. WILLIAMS, C.B.E., D.PHIL., D.SC., F.R.S., and R. S. MAMAK, 
PH.D. 
THE authors suggest a way of explaining the mechanism of force 
production in slotted structures that leads to a method of determi- 
ning the precise location of these forces. 

The rounded corner slot is also studied, and, by the application 
of numerical techniques, the fluxes at the boundary are integrated 
to study the force distribution in depth. 


The launching of an axial cylindrical surface wave 
Monograph 457£ 
J, BROWN, D.SC.(ENG.), and H. S. STACHERA, B.SC.(ENG.), PH.D. 


THE most usual form of launcher of an axial surface wave is a horn, 
which acts as a mode transducer between a coaxial line and a 
surface waveguide. 

A full mathematical treatment of the horn presents much 
difficulty, and therefore, as a step towards obtaining a solution for 
such a mode transducer, a launcher in the form of an annular slot 
ina conducting plate has been investigated. An exact mathematical 
solution has been obtained for the electromagnetic field at a large 
distance from the slot. Expressions for the surface-wave field and 
the radiated field were obtained and used to calculate the power 
carried by the two waves. The efficiency of launching of a surface 
= cay evaluated, and the results were confirmed by experimental 
me d 


Acritical discussion of the input of idealized 
mathematical antenna models 

Monograph 458: 

EV. BOHN, DR.RER.NAT. 


ADIFFICULTY with present mathematical antenna models is the fact 
that there is no theoretical justification for equating the computed 
input impedances with those measured experimentally. It is shown 
that a rigorous definition of antenna impedance can be based only 
on a Computation of the complex power in the electromagnetic 
field from energy integrals. To account for this power it is essential 
'0 consider the transmission-line feed to the antenna, and an 
antenna model is derived on this basis. This model is then com- 
pared with presently accepted models. The usefulness of the 
induced-e.m.f. method is discussed. 

It is then shown that the slice generator used in the Hallen-King 
model does not satisfy the requirement for the conservation of 
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Monographs are first published individually, price 2s., and are 
republished later in Part C of the Proceedings of The Institution. As 
soon as the separate monographs are available, summaries are given 
in this feature. 

Applications quoting the serial number of the monograph as well 
as the author’s name, and accompanied by a remittance, should be 
addressed to the Secretary of The Institution. 

For convenience, books of five vouchers for this purpose can be 
obtained in advance, price 10s. 





power and that the impedance determined from this model depends 
on a semi-empirical choice of expansion parameter. 


A proof of the generalized topological 

Kirchhoff's rules 

Monograph 460£ 

A. NATHAN, E.E., M.S., D.SC.(ENG.) 

KIRCHHOFF’s topological rules for linear reciprocal networks have 
been generalized for networks containing non-reciprocal as well 
as reciprocal elements, in order to be applicable to active networks. 
A conventional proof of these rules for reciprocal networks is given, 
and the generalized rules are shown to be an immediate consequence 
of this proof, thus requiring no special considerations for their 
derivation. The exposition is restricted to nodal analysis. 


Theoretical and experimental analysis of the 

cavity maser 

Monograph 461£ 

P. HLAWICZKA, B.SC.(ENG.) 

AN exact analysis of the gain function of the cavity maser is made 
and is presented in graphical form suitable for correlation with 
experiment. Combined with measurement of the reflection coeffi- 
cient of the passive cavity, and gain and bandwidth of the maser, 
the results yield accurate values for the unloaded, external and 
magnetic Q-factors of the cavity maser. The analysis also applies 
to any other resonant one-port device, e.g. a parametric amplifier. 


A loop antenna coupled to a four-wire line 
Monograph 462E 
KUN-MU CHEN, PH.D., and R. W. P. KING, PH.D. 


A LOOP antenna coupled electromagnetically to a four-wire trans- 
mission line is studied theoretically and experimentally in terms of 
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Menographs (continued) 


two mutually perpendicular two-wire lines that carry currents that 
are 90° out of phase. The size of the loop at which resonance 
occurs is determined. The zero-order and first-order solutions of 
the current distribution are evaluated, and it is found that at 
resonance the induced currents in the loop due to each two-wire 
line oscillate in a dipole mode of the loop. The currents induced 
by the four-wire line circulate as a travelling wave. 

The radiation-field pattern is also evaluated. The square loop is 
studied first ; it is later shown that the circular loop closely resembles 
the square loop. An array that consists of many loop antennas 
coupled electromagnetically to a four-wire transmission line may 
be expected to have a very high gain with circularly polarized 
radiation. 


intermodulation noise in linear f.m. systems 
Monograph 459§ 
R. I. MAGNUSSON, TEKN.LIC. 


BY applying a series of detailed approximations to the Rice and 
Bosse theory of f.m. intermodulation noise, the recent formulae of 
Medhurst and Roberts for intermodulation noise/signal ratios in 
f.m. systems with white-noise modulation and networks of poly- 
nomial frequency characteristics are extended in three respects: to 
the calculation of the noise ratio at any modulation frequency; to 
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Papers accepted for reading at meetings and eventual publication in 
the Proceedings of The Institution are first published individually. 
The separate papers are supplied free of charge, and as soon as they 
become available they are summarized in this feature. 

Those who obtain a copy of a paper published individually are 
urged—if they do not take the Part of the Proceedings in which it 
will be republished—to apply in due course for a reprint, as this is 
the final and correct version and includes the discussion. Reprints 
become available, price 2s., about two months after the appearance 
of the paper in the Proceedings. 

Applications quoting the serial number of the paper or reprint as 
well as the author’s name, and accompanied by a remittance where 
appropriate, should be addressed to the Secretary of The Institution. 
For convenience, books of five vouchers for this purpose can be 
obtained in advance, price 10s. 


Diversity reception and automatic phase 
correction 

Paper 35848, Part B 

L. LEWIN 


THE interference between the direct and a ground-reflected ray 
gives rise at the receiver of a communication link to a sinusoidal 
field pattern in the vertical plane consisting of nodes and maxima. 
The position and pattern wavelength of this field depend on the 
heights and spacing of receiver and transmitter and on propaga- 
tion conditions via an effective curvature parameter C. This 
parameter varies in time, and it is the cause of most fading at a 
single antenna. Its upper limit, which may be as high as 2:5 for a 
small percentage of the time, determines minimum antenna heights 
for line-of-sight transmission in extreme conditions. C is normally 
about 3. Its range of variation determines the optimum spacing of 
a pair of diversity antennas, and suitable design formulae are given. 
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real- and imaginary-network characteristics of 8th and 7th 
respectively; and to the case of pre-emphasis. The theory is jjjy. 
strated by application to the cases of a signal with CCIR 
pre-emphasis passing a stagger-tuned triple without and with 
group-delay equalization. 


Passive bistatic radar enhancement devices 
Monograph 455£ 
L. PETERS, B.E.E., M.S., PH.F. 


THE usual enhancement devices are constructed to give a maximum 
monostatic echo area. This is achieved by setting up a uniform 
phase distribution in the effective aperture of the device, independent 
of the angle of incidence. Bistatic echo-area enhancement may be 
achieved by altering this phase distribution. Gabled phase distriby. 
tion is considered for the rectangular aperture and is applied to the 
triple-bounce corner reflector. Both linear- and quadratic-radia] 
phase distributions are treated for circular apertures and applied to 
the Luneberg reflector and to those spherical devices described by 
Kay. 

It is shown that the echo-pattern may be approximated as an 
exponentially decaying function of the bistatic angle 9, i.e. e-¥®, Ip 
each case the parameter y is related to some physical parameter of 
the device by a design process. The validity of this design process 
has been verified for a triangular triple-bounce corner reflector and 
a Luneberg reflector. 


BE READ 


Experiments using a pair of mirrors, a varying transmitter 
frequency, and photographs of oscillograph traces indicate an 
extreme lower value of C over-water of —1-5. A moving-film 
display shows that conditions can vary rapidly from minute to 
minute, although at other times the display is steady for hours at 
a time. 

An automatic phasing junction has been designed for insertion 
in the feed from two diversity antennas, the drive for the phasing 
element being taken from the receiver. A combined signal nowhere 
smaller than the greater of the received signals is obtained from 
the combining unit, and when the diversity spacing is chosen with 
regard to the extreme values of curvature obtained on the path, an 
excellent over-all response is ensured. Some preliminary figures are 
given for the performance of an improved combining network and 
phase-control apparatus operating in conjunction with a height- 
diversity microwave system over a 69mile over-water path. 


Date of reading not yet fixed 


Tests of three systems for bandwidth compression 
of television signals 

Paper 36138, Part B 

G. F. NEWELL and W. K. E. GEDDES, M.A. 

THE authors describe an investigation into three similar methods of 
reducing the bandwidth required for the transmission of television 
pictures. The three methods all involve the isolation of the essential 
brightness changes in the picture; these are redistributed to occu! 
at a uniform rate for transmission. A second signal must be trans 
mitted in order to allow correct repositioning of the brightness 
changes in the final picture. Partial instrumentation has bee 
carried out, and the methods have been assessed with regard to theit 
bandwidth requirements and resultant picture quality. 


Date of reading not yet fixed 
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Obituaries of Honorary Members, Members and Companions only are published in the Journal 


WILLIAM HERBERT APTHORPE 


William Herbert Apthorpe who died suddenly at his home at 
Pyrford, Surrey, on the 17th March 1961 was born on the 30th July 
1885. He was educated at Cambridge Higher Grade School and 
studied electrical engineering part-time at the Northampton Insti- 
tute, London, and at Liverpool University. He served a five-year 
apprenticeship with the Cambridge Instrument Co., with which he 
spent most of his working life. On the completion of his course he 
joined Clark and Fisher and Co., Ealing, for a year and in 1907 
became chief test-room assistant with R. W. Paul for three years. 
This was followed by one year as personal assistant to Prof. Donnan, 
Liverpool University. 

In 1913 he returned to the Cambridge Scientific Instrument Co. 
as assistant works manager. In 1919, when the company purchased 
the Muswell Hill business of R. W. Paul, he was appointed works 
manager at the new factory, and in 1930 he was appointed works 
director. He served on the board of directors for 36 years and was 
within a few weeks of retiring at the time of his death. During his 
long service with the company he was concerned in the development 
of many instruments, including the Duddell oscillograph and the 
Galitzan seismograph. He was particularly interested in electro- 
cardiographic equipment and helped to develop the two-string 
galvanometer used in earlier outfits. He was also a pioneer in the 
field of automatic temperature control. 

At all times he was keenly interested in the welfare of employees, 
and he was a member of the Central Committee of the Employees’ 
Benefit Fund for 20 years, from 1955 being chairman. 

In his earlier days he was a great yachting enthusiast, and latterly, 
right up to the end, his garden was his favourite pastime. 

He joined The Institution as an Associate Member in 1918 and 
was elected a Member in 1946. P. D. 


MATTHEW CABLE 


The golden era of the electric tramway is recalled by the death at 
— New Zealand, on the 26th March 1961 of Matthew 


He was born at Dunedin, New Zealand, in 1874, and, after 
attending Union High School and Normal School, Dunedin, he 
went to Finsbury and University Colleges, London; he afterwards 
returned to New Zealand, where he was engaged for some years on 
mechanical engineering in the gold-mining industry. In 1899 he 
travelled once more to England. He gained further knowledge and 
experience with Siemens Bros., Woolwich, and with other electrical 
undertakings and was made assistant manager of the Reading Tram- 
way Department in 1906. He returned to New Zealand in 1907 as 
assistant electrical manager of the Wellington Corporation Tram- 
way Department and took up what was to be the outstanding 
work of his life. In 1924 he was made general manager of the 
Electricity and Tramway Department. 

Under his direction a system of tramways was developed that 
was well suited to the peculiar design of Wellington’s streets. So 
much so, that, although he adopted motorbuses and one pioneer 
trolleybus for the less popular routes, he remained to the end a 
persistent advocate of electric trams for the main routes. 

He was responsible for much of the electrical generating plant 
that was installed in Wellington, which in those days was the sole 
site of electric power. When the national schemes for cheap 
hydroelectric power were proposed, a change from the old single- 
phase system to the modern standard was adopted, and under his 
management the electricity supply was changed over. 

His professional status was high in that he was qualified in the 

main branches of engineering, civil, mechanical and electrical. 
He retired in 1942, but throughout his life he gave service that 

ted all sections of the community. He was a devout church- 
man and was greatly respected by all who knew him. He was a 
man who devoted himself to his calling, who could insist on 
discipline, and who was a friend to those in need. He is survived 
by his widow and two sons. 

He joined The Institution as an Associate in 1903 and was elected 
a Member in 1923. A. G. P. H. 


JULY 1961 


JOHN EARNSHAW CALVERLEY 


John Earnshaw Calverley who died on the 10th April 1961 was 
born at Bentham, Yorkshire, on the 30th November 1886. He was 
educated at Bentham Grammar School and part-time at Bradford 
Technical College. 

In 1907 he joined the Phoenix Dynamo Manufacturing Co., 
Bradford, and after three years joined Dick, Kerr and Co., Preston, 
both of which companies later formed constituent members of 
English Electric. He continued with English Electric until his 
retirement in 1955. During this period he occupied the positions of 
chief d.c. engineer, chief engineer and manager of the traction 
department, deputy chief engineer and finally special consultant to 
the company. 

He gained international reputation for his pioneer work in the 
design of high-voltage d.c. machines and will be remembered as the 
co-inventor with the late W. E. Highfield of the transverter. 

His activities on many national and international technical 
committees gained him the respect and friendship of engineers 
throughout the world. Among these activities may be numbered 
his chairmanship of International Electrotechnical Commission 
Committee 22 and of the high-voltage d.c. transmission study 
group of Conférence Internationale des Grandes Réseaux Elec- 
triques. In this country he participated in the work of several 
technical committees of the Electrical Research Association, of the 
British Standards Institution and of the British Electrical and 
Allied Manufacturers’ Association. 

His keen advocacy of high-voltage d.c. transmission typified his 
progressive thinking, and the strength of his argument lost nothing 
from the gentlemanly manner that characterized his life. He counted 
gardening high on his list of hobbies. 

He is survived by his widow and three sons. 

He joined The Institution as an Associate Member in 1920 and 
was elected a Member in 1926. J. E. B. 


ARCHIE WALLACE COLIN McARTHUR 


Archie Wallace Colin McArthur died on the 28th January 1961, 
three years after retiring from the board of W. T. Henley’s Tele- 
graph Works Co. He was born at Woolwich on the Ist August 
1885 and, as a child, lived with his parents in a house on the 
site of the riverside factory near the Woolwich Ferry, so well 
known to generations of cable engineers. For over 70 years his life 
and interests were centred here, and his own and family connections 
must constitute a unique record in the history of that important 
branch of electrical activity. His grandfather and his father both 
worked for William Thomas Henley, the great character and 
founder of the firm. He gave 52 years’ continuous service, while 
today his son carries on the tradition as a member of the organiza- 
tion reconstituted in Associated Electrical Industries. 

In 1900 he joined Henley’s as a junior in the test room at North 
Woolwich and ten years later became chief assistant in the tech- 
nical department of the company. In 1919 he was appointed 
research chief assistant in a newly established research depart- 
ment and remained there until 1930. During this period, he was 
valued highly for his sterling character, his friendly disposition 
and his persistence in the face of many difficulties. 

As a young man he was an assiduous student of the newly 
unfolding science which was breaking into the cable field and 
read everything published, applying it all to good effect. He always 
regretted his mathematical limitations, but this never deterred him 
from wrestling with Maxwell, Heaviside or Steinmetz, while, 
stimulated by contact with Hartnell, Shaughnessy and other Post 
Office stalwarts of the pre-1914 years as they visited the factory 
to inspect cables, his reputation among cable technicians reached 
a high level. 

His personal qualities and mature judgment became recognized 
in 1930 by appointment as assistant works manager at North 
Woolwich and, nine years later, as works manager. The war 
years proved a severe test of his indomitable courage. Those in his 
charge held him in high regard and invariably referred to him as 
a gentleman. Led and encouraged by him, they stood up through 
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Obituary (continued) 


days and nights of severe bombing and destruction and made a 
magnificent contribution to the war effort, while his own home 
was wrecked and members of his family were killed and injured. 
His many friends in the industry will long cherish the memory of a 
great, though modest, man. 

He joined The Institution as an Associate Member in 1913 and 
was elected a Member in 1943. P. D. 


JAMES EGAR NELSON 


James Egar Nelson, who was born at Wallasey on the 16th March 
1880, died at Runcorn on the 12th February 1961. He was educated 
at Liverpool Institute and Liverpool University and received his 
early practical training in Cammell Laird’s shipbuilding yard. 

After a period with Underground Electric Railways of London 
Ltd. and Yorkshire Electric Power Co., in 1911 he was appointed 
electrical engineer to Mersey Power Co. Ltd., a subsidiary of Salt 
Union Ltd., newly formed to distribute by-product electricity from 
their Runcorn salt plant. This company’s growth to conspicuous 
success embodied his life’s work. When, in 1937, control passed to 
Mid-Cheshire Electricity Supply Co. Ltd., he became director and 
general manager of the group, finally as chief executive officer 
easing transfer to MANWEB until the 30th September 1948. He 
served on the Electricity Consultative Council from 1952 to 1955. 

A man of energy, ability, and integrity of character, he was 
respected by all who knew him. Devoted to his family, he found 
joy after his wife’s death in 1951 in his two daughters and his 
grandchildren. 

He joined The Institution as an Associate Member in 1921 and 
was elected a Member in 1931. He served on the Liverpool Centre 
Committee from 1935 to 1941, being vice-chairman from 1938 to 
1940 and chairman in 1940-41. e.. 4... 


SIR ALEXANDER ROGER 


For two generations Sir Alexander Roger, K.c.1.£., who died on 
4th April 1961 and who was born on the 30th January 1878 had 
been a leading figure in British industrial and financial circles. 

He was educated at Robert Gordon’s College, Aberdeen, and 
came to London at 18. He was knighted for his services in the 
1914-18 War and was appointed a Knight Commander of the 
Indian Empire for his work in the Second World War. For many 
years a director and deputy chairman of the Midland Bank and 
chairman of Telephone and General Trust, he was long connected 
with the electrical industry, having joined the board of British Insu- 
lated and Helsby Cables in 1918 and become chairman in 1930. On 
the amalgamation of the old B.I. Co. with Callender’s Cable and 
Construction Co. in 1945, he became chairman of B.I.C.C. until 
his retirement in 1954, when he became honorary president. He 
was also for many years chairman of the Automatic Telephone 
and Electric Co. 

He was an outstanding leader, with a remarkable ability to 
grasp the essentials of a problem and the courage to take decisions, 
often bold, and always far-seeing. He was as courteous and con- 
siderate in dealing with junior employees as with his most senior 
colleagues and equally ready to listen to their views provided only 
that they were sensible and constructive. He will be remembered 
particularly for the encouragement he always gave to the younger 
generation and for his belief in being world-wide in outlook and 
understanding. 

He had many interests, but perhaps the greatest was the people 
—and especially the young people—in the many businesses that 
he directed with such distinction. Of his hobbies one stood out, 
and that was deer-stalking in his beloved Aberdeenshire. 

He joined The Institution as a Companion in 1932. w. H. McF. 


CHARLES HENRY RUDD 


Charles Henry Rudd who died on the Ist March 1961 was born on 
the 4th February 1909 at Barnstaple, where he was educated at the 
Grammar School and part-time at the Technical College. He also 
studied at Merchant Venturers’ Technical College, Bristol. He was 
apprenticed to Barnstaple Corporation Electricity Department and 
was subsequently on the power-station staff at Weston-Super-Mare 
and at Hull. After five years with the Calcutta Electric Supply 
Corporation he returned to Heston and Isleworth, where he became 
power-station superintendent in 1938. 

In 1942 he joined the Royal Naval Volunteer Reserve as electrical 
sub-lieutenant on the staff of the Director of Airfield and Carrier 
Requirements, in technical charge of the installation and develop- 
ment of synthetic training equipment of a wide variety. 
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In 1946 he joined Merz and McLellan and was resident engi 
on the construction of the West Ham ‘B’ and Meaford ‘B’ power 
stations. In 1959 he joined the De Havilland Co. as resident 
engineer on the Spadeadam Blue Streak rocket site. When that 
project was shelved he obtained a position with the Ministry of 
ba and was about to leave England for Singapore when he 

ied. 

He was a complete practical engineer and would not easily 
accept any method that he considered inefficient. He was unsparing 
of himself but always sympathetic to his staff, who acquired a good 
training under his guidance. His hobbies were golf and motoring, 
He is survived by his widow and an adopted daughter. 

He joined The Institution as a Student in 1927 and was elected 
a = in 1930, an Associate Member in 1937 and a Member 
in 1951. Ss. W, 


GEORGE WILLIAM OLIVER RUSCOE 


George William Oliver Ruscoe who died on the Ist February 1961 
was born at Bloxwich, Staffordshire, on the 14th February 1890, 
After attending Birmingham Central Secondary School and 
studying part-time at Walsall Technical College and at Birmingham 
Central Technical College, in 1911 he became a mains assistant with 
the City of Birmingham Electric Supply Department. 

During the 1914-18 War he served with the Royal Warwickshire 
Regiment and the Royal Engineers. 

On demobilization he returned to Birmingham Corporation, and 
in 1923 he was appointed high-voltage consumers’ engineer. 

In 1929, when work commenced on the changeover of the e.h.v. 
distribution system of the Birmingham undertaking from 5kV, 
25c/s, to 11kV, 50c/s, he was put in charge, as assistant frequency- 
change engineer, of the conversion of consumers’ high-voltage 
equipment, becoming frequency engineer in 1936. On the com- 
pletion of this changeover work in 1938, he was appointed high- 
voltage consumers’ and static substations engineer, and in 1945 he 
was made deputy divisional superintendent. 

Following nationalization of the electricity supply industry, in 
1949 he was appointed manager of the South-East Birmingham 
District of the Midlands Electricity Board, which position he held 
until he retired in 1955. 

On first acquaintance, perhaps, he gave the impression of being 
somewhat brusque and forthright in his manner, but those who 
worked with him appreciated to the full his integrity, conscien- 
tiousness and competency and his high sense of loyalty to. both his 
colleagues and his profession. 

He joined The Institution as an Associate Member in 1929 and 
was elected a Member in 1950. R. H.R. 


JOSEPH DUNCAN SPARK 


Joseph Duncan Spark who died on the 2nd December 1960 was 
born at Aberdeen on the Ist March 1880. He was educated at 
Rosemount School and Normal College followed by a three-year 
apprenticeship with Alexander Spark, Aberdeen. He spent the rest 
of his working life in the service of various supply undertakings 
in England, Scotland and Wales, commencing with Aberdeen 
Corporation in 1899 as an apprentice, studying part-time at Robert 
Gordon’s Technical College, Aberdeen. 

In 1902 he joined the Electric Light and Power Co., Northamp- 
ton, but in 1903 joined Croydon Borough Council, leaving to take 
up a position as mains engineer with Swansea Corporation in 1913. 
He joined Walsall Corporation in 1915 and served there until he 
transferred as assistant electrical engineer to Willesden Borough 
Council in 1920. In 1925 he was appointed deputy borough 
electrical engineer and manager and in 1934 became borough 
electrical engineer and manager, which position he held until he 
retired in 1943. 

While he was at Willesden the council adopted a number of 
progressive ideas in the field of electricity supply and utilization, 
and it was largely owing to his drive that a hire-purchase scheme 
was instituted, proving so successful that by 1938 a great part 
of the population of Willesden used electricity for many purposes. 
He was prominent in persuading the council to build electricity 
offices, all the money coming from the profits of the undertaking, 
and installed one of the earliest electro-thermal storage heating 
systems. The council adopted electric vehicles for collecting house 
refuse and were among the first authorities to do so. 

He was keenly interested in social and welfare work and was 
a rotarian and a past-master of the Harlesden Masonic Lodge 
and Chapter. 

He joined The Institution as an Associate Member in 1919 and 
was elected a Member in 1937. L. fi. W. 
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ELECTRONIC MAINTAINABILITY—Vol. 3 


F. L. ANKENBRANDT (Editor) 

NEW YORK: REINHOLD. LONDON: CHAPMAN AND HALL. 1960. 
312 PP. £4 

THE title of this work raises hopes that it does little to fulfil. 
Itis concerned far more with the organization of maintenance 
than with methods of minimizing the need for it. It relates 
entirely to military equipment; even a chapter on the ‘indus- 
trial approach’ is written by the staff of a Military-Defence 
Electronic-Products Department. 

This may reflect either the greater awareness in military 
circles of the need for maintenance services, or merely the 
extent to which military demands dominate the American 
electronics industry; in either case it restricts the scope of the 
volume. A further handicap is that the text consists of talks 
given at a conference and apparently reproduced verbatim. 

Two chapters may be commended for a comparatively 
close approach to technical matters: one on the training of 
repair staff (‘trouble-shooters’) and the other on the minimum 
space needed around equipment to allow adequate access 
to it. 

To a British onlooker it seems scarcely credible that the 
conference was worth holding; but the book may have some 
value to those who have to organize the maintenance of 
military equipment. A. C. LYNCH 


A SOCIAL HISTORY OF ENGINEERING 


W.H. G. ARMYTAGE 
FABER AND FABER. I961. 378 PP. £2 28. 


A TREND Of post-war reading has been an increased interest in 
the history of science and engineering, and this no doubt has 
been responsible for a steady flow of books on these subjects, 
of which the work under review is a particularly good 
example. 

Inevitably, for the sake of complete presentation, the author 
opens his story with an account of the engineering works of 
the ancients, but wisely, in the opinion of the reviewer, keeps 
this section of the text within due bounds and, in fact, has 
compressed the engineering activities of the period up to 
about the year 1200 into some 42 pages out of a total of 378, 
leaving the greater part of the volume to cover the subject- 
matter indicated by the title. The contents are a well balanced 
Presentation and remarkably free from bias. 

Not unnaturally, the author, who occupies the Chair of 
Education at the University of Sheffield, gives prominence to 
the subject of educational establishments and learned institu- 
tions, though not, in the opinion of the reviewer, dispro- 
Portionately so. His account deals with the lesser foundations 
as well as those which are better known, but strangely omits 
reference to Faraday House from a list that includes the 
Putney, Crystal Palace and Muswell Hill Schools and 
Cooper’s Hill College. 
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SOME RECENT BOOKS 





The references to electrical engineering are, on the whole, 
slight, no doubt because the author did not wish to impinge 
unduly on the field of another work in the same series. It 
must, however, be pointed out that the reference on p. 180 
implies that Edison’s carbon-filament lamp of the 2Ist 
October 1879 was the first, whereas in fact Joseph Swan 
exhibited the first practical lamp of this type on the 18th 
December 1878 and demonstrated it in operation on the 
17th January 1879. 

If the reviewer has any criticism to make, it is mainly 
concerned with the burden of facetious metaphor (with 
apologies, as on p. 201), but nevertheless he recommends it 
to students and adult readers alike as a co-ordinated 
account of the rise of engineering and as a useful introduction 
for those wishing to take the subject further. 

C. MACKECHNIE JARVIS 


DIE 400 KV-FORSCHUNGSANLAGE 
RHEINAU. TEIL 3—STORPEGELMESSUNG 
UND ANDERES 


R. BARTENSTEIN and L. LANGREHR (Editors) 


HEIDELBERG: 400KV FORSCHUNGSGEMEINSCHAFT £.V. 1960. 
97 PP. N.P. 


THIs is the third volume in a series describing test results on 
a 400kV experimental transmission line, designed to give 
additional information for the wide extension of the existing 
380kV system by which the countries of Western Europe are 
already interconnected. 

The measurements described include investigations of the 
noise level, including damping characteristics of several types 
of bundle conductor, the effect of normal-frequency power 
current on corona losses, the mechanical strength of a 4-unit 
bundle conductor under a variety of mechanical faults such 
as conductor breakage or sudden release of ice load, and the 
tensile properties of a steel-aluminium conductor. 

The test methods are described, and the results obtained 
are discussed with reference to a series of diagrams, many of 
them on a large scale, which constitute a valuable contribu- 
tion to existing knowledge on the characteristics of extra- 
high-voltage lines. A feature that will be particularly appre- 
ciated by transmission-design engineers is the importance 
placed on predictiag the performance to be expected from 
such lines in practical conditions. R. H. GOLDE 


NOISE REDUCTION 


L. L. BERANEK (Editor) 
McGRAW-HILL. 1960. 752 PP. £5 12S. 6D. 


THE incidence of a noise problem within or around a factory, 
as revealed by observation or by complaints, is likely to 
result in an engineer who lacks formal training in acoustics 
being assigned the task of seeking a solution. The volume 
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under review has been prepared by 19 professional noise- 
reduction engineers to meet such a situation, and their 
practical experience and underlying sympathy for the troubled 
reader can readily be sensed. 
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In the opening section, sound waves and their measurement 
are described in a practical manner, and this is followed by 
an extensive discussion of the fundamentals underlying noise 
control. Up-to-date information is provided on criteria for 
noise and vibration control in relation to preservation of 
hearing and to acceptability in buildings and vehicles. Finally, 
practical aspects of noise control are considered, attention 
being paid to ventilation systems and transportation. While 
case histories are quoted for factories, offices and homes, the 
reader will not find tailor-made remedies in extenso—he will 
need to make use of the principles enunciated earlier in the 
work. 

A wide range of subject-matter, from elementary to 
advanced, is covered. An index of 32 pages, summaries at 
the end of each chapter, and extensive references are addi- 
tional commendations for this volume. D. E. HICKISH 


MODERN DIELECTRIC MATERIALS 


J. B. BIRKS (Editor) 


LONDON: HEYWOOD. I961. 253 PP. £2 2s. 


PROGRESS in the development of new or improved dielectrics 
has been rapid during the last 20 years, and many of the 
new dielectrics have become established, so that now is the 
time for taking stock of these materials. Dr. Birks, with the 
aid of ten specialist authors, has done just this. This volume 
is in many ways complementary to the annual series by the 
same Editor entitled ‘Progress in dielectrics [see below], and 
is admirably suited to the less specialist reader. 

After a commendably clear and concise introductory 
chapter on the elements of dielectric theory, there follows a 
series of brief surveys of methods of manufacture and of the 
properties of a wide range of dielectrics, including paper, 
hydrocarbon oils, askarels, rubbers, plastics, silicones, 
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ceramics, glass, mica and textiles; gaseous dielectrics are 
regrettably omitted. The data are up to date, dealing mog 
adequately with the recently developed isotactic polymers 
and the ferroelectrics, for example. 

In an introductory work of this type covering such a wide 
field, the presentation has of necessity to be somewhat 
abbreviated; nevertheless, there are a disappointing number 
of references for further reading in certain chapters, particy. 
larly in chapter 10. There are also a few minor mistakes and 
misprints: e.g. the inconsistent use of both p.t.f.e. and 
P.T.F.E. (pp. 116 etc.) to denote polytetrafluorethylene js 
confusing; hexachlorobenzene on p. 69 should presumably 
read hexachlorodiphenyl; and the statement that polypro- 
pylene does not cross-link on irradiation (p. 143) is incorrect. 

These minor errors do not detract from the value of the 
book, which can be thoroughly recommended to anyone 
interested in dielectric materials, in particular to the advanced 
student or postgraduate as an introduction and to the 
electrical engineer as a reference. F. B. WADDINGTON 


PROGRESS IN DIELECTRICS—Vol. 3 


J. B. BIRKS and J. HART (Editors) 
1961. £3 3S. 


THE aim of this series is to review progress in the field of 
dielectrics to meet the interests of electrical and electronic 
engineers, physicists, biologists and chemists. In this particu- 
lar volume the emphasis is on the weak-field properties of 
dielectrics, four out of the six articles dealing with the topic 
from points of view ranging from that of the practical 
engineer to that of the theoretical physicist. 

The first article, by D. G. Kiely, is on dielectric waveguides 
and aerials, and presents a well balanced account of existing 
knowledge in a field of particular interest to communication 
engineers. R. H. Cole, whose outstanding work on the theory 
of dielectric polarization and relaxation is well known, 
contributes a review on this subject, covering dielectric 
phenomena in gases, liquids and solids, and outlines the 
extent to which current theory is able to account for observable 
behaviour in molecular terms. 

The third article, on the dielectric properties of water, by 
J. B. Hasted, gives a fascinating study of the in-some-ways 
complex, and in others unexpectedly simple, behaviour of 
that most common and familiar substance. Consideration is 
given to the solid and liquid states, to electrolytic solutions 
and to water bound to other substances. R. J. Meakins 
discusses the mechanism of dielectric absorption in solids, 
and deals with both inorganic and organic compounds. The 
author has himself contributed significantly to progress in 
the study of organic materials, and this part of the review is 
particularly well written. 

An article by C. W. Hamilton describes recent develop- 
ments in cable insulation in the United States. Synthetic 
polymers have been mainly responsible for the outstanding 
advances made in electrical insulation in the last two or three 
decades; special attention is devoted in this article to the 
description of the applications of such polymers as the 
polyethylenes, fluorocarbons, silicon rubber and butyl rubber; 
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and the author concludes with a valuable consideration of 
important problems facing industry in this field today. The 
fnal contribution is from R. Stratton on the theory of 
dielectric breakdown in solids and the extent to which it 
accounts for the widely different experimental results observed 
by various workers. 

It is inevitable that, in a volume made up in the manner 
of the present one and with three articles of the kind contri- 
buted by Cole, Hasted and Meakins, there should be some 
degree of repetition of the basic dielectric theory. This in no 
way detracts from the value of the text, which will be found 
useful by both advanced students and qualified engineers. 

J. A. SAXTON 


RADIO WAVES IN THE IONOSPHERE 


K.G. BUDDEN 


CAMBRIDGE: UNIVERSITY PRESS. 1961. 542 PP. £4 ISS. 

ror the guidance of radio engineers contemplating buying 
this text, the title should have contained a warning that it is 
in fact a mathematical treatise, though admittedly this is 
made clear in the sub-title. Nevertheless, the specialists for 
whom the work is obviously written will welcome it as an 
outstanding contribution by an acknowledged authority. 

The author explains that it is complementary to the book 
by J. A. Ratcliffe on ‘The magneto-ionic theory’ reviewed in 
the June 1959 Journal, p. 392, though the reading of the latter 
is not a prerequisite to the understanding of the present 
volume, which is effectively self-contained. Indeed, some 
of the basic electromagnetic theory in the early chapters 
might well have been taken for granted, in view of the 
advanced level of the work as a whole. 

The style of writing reflects the fact that it is based on a 
course of lectures given by the author, and, without spoon- 
feeding the reader, he has gone to great pains to make 
crystal-clear the meaning and implications of the mathematics 
he so ably handles. 

The whole problem of ray methods in the magneto-ionic 
theory is dealt with in great detail, and it is here that the 
subject-matter overlaps considerably with Ratcliffe’s book 
and forms a review of the vast field of published papers 
built round the Appleton—Hartree formula. The preliminary 
description of the W. K. B. approximation is particularly 
well done, but it is in the second half of the volume that the 
author really comes into his own. 

Much of this is original work going deeply into the intricate 
mathematical problems associated with the Stokes phe- 
nomenon and the full-wave treatment with the inclusion of 
the Earth’s magnetic field. We owe an immense debt of 
gratitude to the author and his colleagues, whose help he so 
generously acknowledges, for making generally available 
such a searching study of the basis and the validity of the 
Phase-integral method and of the problems of numerical 
solutions, with the aid of electronic computers, of the 
differential equations of the full-wave theory. 

The author has taken exceptional care in his cross- 
teferences and index and in the choice of mathematical 
symbolism employed. The production is of extremely high 
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quality, with no obvious misprints, making the volume a 
pleasure to handle. The unusual procedure is adopted of 
setting out the contents at great length, occupying 15 pages 
in all, but this has added greatly to the value of the publica- 
tion, justifying the author’s claim that it will serve as a 
reference work to the more experienced readers. 

G. MILLINGTON 


HIGH FIDELITY SOUND ENGINEERING 


N. H. CROWHURST 


NEWNES. 1961. 328 PP. £2 IOS. 


MR. Crowhurst is a well known contributor to the technical 
Press, particularly in America where he now lives. In this 
present volume he has assembled material from a number of 
his contributions to Audio and Electronic Engineering. The 
book is intended to provide ‘the basic tools that have proved 
useful in the design’ of high-fidelity sound systems. A ‘text- 
book’ rather than a ‘handbook’ approach has been adopted, 
as is pointed out in the preface. 

In 12 chapters and two appendixes the author commences 
with ‘Basic requirements’ and ends with ‘Control of acoustics’, 
thus nominally covering a complete sound-reproduction 
system. 

The work suffers greatly from the compression that has 
been applied in an attempt to get the original contributions 
within the confines of 320 pages. Much of the material, 
particularly in the chapter on transducers, is so short that it 
amounts to little more than a brief comment on the subject. 
This superficial treatment and the staccato style of writing, 
quite unlike that of the original articles, make the book 
rather exhausting to read. I suspect that the junior designer 
will find the discussion largely incomprehensible without 
reference to the original material, while the senior engineer 
will find the technical level inadequate. 

The main text is completely non-mathematical, and, 
although Appendix 1 contains 25 pages of equations and in 
some instances their derivations, use of the material necessi- 
tates reference back to diagrams in the text. A little more 
space devoted to a repetition of the diagrams would have 
made this appendix self-contained and easier to read. 

Appendix 2 is a list of 19 references, though all except six 
are to articles by Mr. Crowhurst. The printing and illustra- 
tions are excellent. J. MOIR 


RESONANCE ABSORPTION IN NUCLEAR 
REACTORS 


L. DRESNER 


PERGAMON PRESS. 1960. 


THE need for a monograph on the resonance absorption in 
nuclear reactors has existed for some time, and Dr. Dresner, 
who has made notable contributions in this field, is to be 
congratulated on his achievement. He has met the require- 
ments of a wide spectrum of readers by incorporating two 
interwoven texts, one a simplified version of the other. The 
more detailed text comprises about 20% of the total. 

The monograph develops in logical fashion the theory of 
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131 PP. £2 





resonance absorption, for both homogeneous and hetero- 
geneous media, and concludes with a comparison between 
theory and experiment. Any particular reader, theoretician, 
experimentalist or design engineer, could find fault with this 
volume, but in general Dr. Dresner has maintained a good 
balance. In view of the special importance of temperature 
coefficients, it would have been of value to have paid more 
attention to this aspect of the subject; the greater degree of 
uncertainty in this particular field would then have been more 
apparent. P. W. MUMMERY 


PRINTED CIRCUITS 


J. M. C. DUKES 


MACDONALD. I961. 228 PP. 40S. 


THIS is written for designers of electronic equipments using 
printed-wiring techniques. It covers design practice from 
direct current to approximately 10000Mc/s and is the first 
book in this country to deal comprehensively with microwave- 
frequency printed systems. 

The text is well referenced throughout; the figure numbering 
is a little confusing (reference to Fig. 7 means 1.7, 2.7 or 3.7 
according to which chapter is being read), but this is soon 
overcome. One would expect to see illustrations of early 
techniques in the historical introduction, but they are all 
modern. Fig. 2.3 seems out of place and is not referred to in 
the particular chapter in which it appears. 

The chapter on materials for printed circuits is exceptionally 
well done and should be of great value to all designers and 
users. The section on components could have benefited by a 
mention of the range of components with tapered tags 
specially developed for insertion into printed circuits. There 
is also no mention of printed variable resistors, although 
they are in quantity production by one firm in this country. 
The author says on p. 47 that Leno’s coil technique does not 
appear to have been described in any technical literature, 
but the reviewer would refer him to Eisler’s book ‘Technology 
of printed circuits’, where the same illustrations are used 
(p. 274). 

The text is, in the reviewer’s opinion, the best that has 
yet been written on printed circuits. It is clear, direct and 
factual. It should be most valuable to the qualified engineer 
or advanced student. G. W. A. DUMMER 


RADIO AND ELECTRONIC COMPONENTS. 
Vol. 5—WIRES AND R.F. CABLES 


G. W. A. DUMMER and W. T. BLACKBAND 


PITMAN. I961. 240 PP. £2 7S. 6D. 


THIS text enables a user to choose the best component for 
his particular requirement and to understand its funda- 
mental characteristics. After two short introductory chapters 
giving general information and relevant specifications, it is 
divided into two parts: one dealing with choice, manufacture, 
measurement, faults and future developments of wires and 
sleevings; and the other similarly with r.f. cables, including 
standardization, design and energy transmission. 

The book, written in a clear and attractive manner, has a 
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comprehensive bibliography of almost 300 items and contains 
69 excellent illustrations. Attractive features are a world list 
of military and commercial r.f. cables, charts comparing 
characteristics of many types of similar component, and an 
appendix on characteristics of British Services types of 
r.f. cable. 

The volume can be highly recommended. It will be of 
immense value to designers and users of electronic equipment, 
Advanced electrical-engineering students will find many 
chapters useful but will probably consider the price high, 
There is little cause for adverse criticism; however, one 
author’s name is spelt incorrectly on the cover and three 
times on the jacket. F. A. BENSON 


ANALOGUE COMPUTATION—Vols. 1-4 


S. FIFER 


McGRAW-HILL. I961. 1297PP. £15 16S. 6D. 


A WIDE range of analogue computers, computing circuits, and 
techniques is dealt with exhaustively in these four volumes, 
The first two volumes deal very adequately with the general- 
purpose d.c. computer: the broad extent of components 
involved, from the basic operational amplifier to non-linear 
techniques and digital conversion, is first described; this 
is followed by consideration of the method of using the 
computer, and its diverse applications. Worthy of particular 
mention is the thorough treatment of non-linear computing 
circuits and techniques. 

Vol. 3 forms a most significant and interesting contribution: 
here are discussed various alternatives to the d.c. electronic 
analogue machine such as the functional a.c. computer, the 
network analyser, use of the potential analogue, and other 
techniques and devices. Also included is a comprehensive 
account of the mechanical differential analyser; in con- 
sidering the techniques employed in using this machine, some 
indication is given of its great versatility, which is achieved 
with only a relatively small number of different types of unit. 
Much is lost through the failure to follow this by at least 
some mention of the present-day electronic implementation 
of this technique in the ‘digital differential analyser’. 

In the remaining chapters of Vol. 3 are considered the 
important problems of partial differential equations, linear 
algebraic equations, the polynomial equation, and the 
secular equation. 

The final volume starts with some theory on Fourier 
analysis and random signals and contains much useful 
information concerning the generation of and testing with 
random signals, including a description of the adjoint 
method. An extensive section deals with the dynamics of 
flight and the simulation of flight problems. In the final 
chapter, particular aspects are studied, including items such 
as the pure time-delay, sampled-data systems, and difference 
equations. 

A very wide survey of the analogue-computing field is given 
in the present volumes; the few omissions are undoubtedly 
insignificant when compared with the over-all content, which, 
together with the large number of references given, goes 4 
long way towards being a comprehensive authority on the 
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subject. The presentation is everywhere clear, suitable for 
readers from undergraduate level upwards. 

A criticism, which in fairness applies also to most other 
books on this subject, is that one detects the attitude that 
the analogue machine should be used regardless of what 
possibly superior facilities are afforded by, for example, the 
general-purpose digital machine; in considering the types of 
problem that are tackled on an analogue machine, one can 
give a fair presentation only by describing how the same 
problems can be dealt with either on the general-purpose 
digital machine or on the digital differential analyser. 

M. J. SOMERVILLE 


MICROWAVE ANTENNAS 
A. Z. FRADIN 


PERGAMON PRESS. I961. 668 PP. £5 5S. 


THE publisher makes an apology for the quality of production 
of this volume, which is by photolithography rather than 
typesetting. This is excused, perhaps justifiably, on grounds 
of reduction in production time and cost. The only serious 
criticism is that the reproduction of the photographs is of 
poor quality, in some cases adding little or nothing to the 
reader’s understanding. 

The only other criticism is that the bibliography is sketchy 
in the extreme and gives the impression of a small random 
sample of aerial papers, biased overwhelmingly in favour of 
the Russian literature. 

Having made these two adverse comments, the reviewer 
has nothing but praise for the book. It assembles a vast 
amount of information about aerials and aerial design and 
reduces it to a coherent story based on a sound and satisfying 
theoretical treatment. After a survey of different types of 
aerial in the first chapter, the theoretical foundations are 
laid in the second. An account of several methods of integra- 
ting Maxwell’s equations is followed by a careful and lucid 
discussion of the application of the scalar Kirchhoff diffrac- 
tion formula to individual components of the electromagnetic 
field. 

This leads to the calculation in the next section of a large 
number of idealized examples of diffraction from an opening 
in a plane screen. This adds several useful examples to the 
stock of ‘standard cases’ to which aerial engineers like to be 
able to refer. Subsequent chapters deal with waveguide 
radiators, horn antennas, lens antennas, reflectors, slot 
antennas, dielectric, surface-wave, and helical antennas. 

The usual rash of appendixes has not broken out; perhaps 
the text was too well planned. The only appendix is a single 
page of short tables of A-functions of order n +4 and 
Bessel and Neuman function series of the form: 


> Jo(nx) and > No(nx) 
n=1 n=1 


A great deal of ground has been covered, but a thorough 
understanding of the underlying theory has enabled the 
author to achieve this with a combination of completeness 
and clarity that commands great respect. Nowhere is theory 
developed unnecessarily, but the author has not hesitated to 
us¢é enough theory to deal properly with the many difficult 
Problems inherent in his subject. A. L. CULLEN 
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ELECTROMAGNETIC FIELDS AND WAVES 


R. V. LANGMUIR 
McGRAW-HILL. 1961. £3 16s. 


THIS text follows the classical tradition of electromagnetic 
theory in developing Maxwell’s equations from the basic 
laws of electrostatics and magnetism. Until a few years ago 
this would have been regarded as suitable only for physics or 
mathematics students, and the fact that such a treatment is 
now specifically directed at engineering students is indicative 
of the changes that have occurred in university courses. 

This is partly due to the increasing emphasis on waveguides 
and aerials, and the latter half of the book is largely devoted 
to a study of their fundamental properties. The treatment 
throughout requires relatively advanced mathematics, par- 
ticularly vector calculus; but an admirable series of appendixes 
introduces the techniques that are used. This emphasis on the 
mathematical theory makes the book most useful for a 
final-year undergraduate student who has already acquired 
some physical insight into the problems of electromagnetic 
fields. 

A surprisingly wide range of topics is covered, besides the 
standard problems that one expects to find in a publication 
of this type. For example, there are brief, but nevertheless 
useful, discussions of polarization and magnetization pro- 
cesses, and it is refreshing to find eddy currents in trans- 
formers discussed alongside losses in waveguides. 

The style is excellent, all the mathematical steps in the 
arguments being clearly presented. Each chapter contains a 
number of exercises, these being largely based on practical 
topics. The only references are to the standard works used 
by research workers in this field, and perhaps the strongest 
recommendation for the present volume is that it provides 
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an excellent introduction to them. J. BROWN 
ADVANCES IN ELECTRONICS AND 
ELECTRON PHYSICS—Vol. 12 

L. MARTON (Editor) 

NEW YORK: ACADEMIC PRESS. 1960. 397 PP. £4 6s. 


THE usual policy of this series is to publish critical review 
articles by experts in the field of electronics and electron 
physics. Vol. 12 departs from this plan and presents the 
proceedings of a very specialized international symposium on 
photoelectronic-image devices, held in London on the 3rd- 
5th September 1958. The 30 papers (two in French) deal with 
the fabrication, performance and application of imaging 
devices, particularly for astronomical, nuclear and radio- 
logical purposes. The discussion on each paper is recorded. 
The work gathers together valuable accounts of practical 
experience in a field in which successful progress depends 
very largely on the skill and ingenuity of the researcher. It is 
unfortunate that, despite the organizers’ efforts, there were 
no contributions on recent significant Russian developments 
or on solid-state intensifiers. The book is well produced and 
can certainly be recommended to those with an interest in 
this sphere. V. ROBERTS 
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TECHNICAL PUBLICATIONS 





FURTHER information and copies of the publications can be obtained 
from the organizations concerned, except where otherwise stated in 
a footnote 


BRITISH ELECTRICAL AND ALLIED INDUSTRIES 
RESEARCH ASSOCIATION 


Report D/T116 Intrinsically safe electrical apparatus: relation of 
igniting current to circuit inductance for a mixture of ethylene oxide 
with air by P. B. Smith and N. L. Heathcote. 4s. 6d., postage 6d. 


THE relation of minimum igniting current to circuit inductance for 
the most easily ignited mixture of ethylene oxide and air does not 
differ appreciably from the corresponding relation for the most 
easily ignited ethylene—air mixture. The most readily ignited mixture 
of ethylene oxide in air is in the range 10-12-5% by volume. 


Report D/T117 Flameproof enclosures. Re-determination with 
hydrogen-air mixtures of maximum safe gap for one-inch flanges, 
by P. B. Smith and J. R. Blackwell. 6s., postage 6d. 

MAXIMUM experimental safe gaps with 1 in. flanges for hydrogen-air 
explosions were determined in a new 8litre spherical vessel of 
great rigidity. The most incendive and the most easily ignited 
mixtures were those containing 32 and 24% of hydrogen respec- 
tively. With these mixtures the maximum experimental safe gap 
was 0-011lin. on a 40test basis, with gap increments of 0-001 in. 
Since there was no external ignition in each of the 40 tests with a 
gap of 0-012in., no calculation of a statistically safe gap by the 
method previously adopted was possible, but by using a modified 
method a lower limit may be stated. 

The new experimental value of the maximum gap is approxima- 
tely double those obtained previously with vessels of insufficient 
rigidity and having flanges that widened momentarily during 
explosion. 


Report D/T119 Intrinsically safe electrical apparatus: relation of 
igniting current to circuit inductance for a mixture with air of the 
vapour of (1) methyl acetate and (2) acetaldehyde by D. H. Jones 
and N. L. Heathcote. 6s., postage 6d. 

THE most readily ignited mixtures with air of the vapours of methyl] 
acetate and acetaldehyde lie in the ranges 280-350mg/l and 
145-180 mg/I respectively. 


Report G/XT162 Circuit breakers: the accurate recording of post 
arc currents by shunt and amplifier by F. O. Mason. 7s. 6d., 
postage 6d. 

IN previous reports G/XT132 and G/XT151 the design of a shunt 
and amplifier for recording post-arc currents was discussed. A later 
design of amplifier, with a higher gain and frequency response, is 
described in the present report. Precautions that have been found 
necessary to avoid the introduction of errors by interference between 
the main test and the recording circuits are indicated, together with 
methods whereby the presence of such interference may be detected. 


Report Z/T120 Stray losses in laminated cores with particular 
reference to f.h.p. motors. A résumé of published information by 
W.S. Leung. 10s. 6d., postage 6d. 

A SUMMARIZED study of past publications on or connected with 
stray losses in laminated cores is given with a view to a fuller inves- 
tigation of stray eddy-current losses in laminated machine cores. 


Report Z/T130 An investigation on stray eddy-current losses with 
particular reference to f.h.p. induction motors (concluded). I]—The 
dynamometer core-loss tester by D. A. Jones and W. S. Leung. 
10s. 6d., postage 6d. 

STRAY eddy-current losses of specimens from a f.h.p. induction- 
motor stator were obtained experimentally using a dynamometer 
core-loss tester. The construction of the dynamometer tester and 
the core-loss measuring technique are described. 
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AERE—M751 Constant current device for resistance measure. 
ments on plutonium by J. D. Hill and E. A. Steer. Harwell, 1960, 
1s. 9d. 


A DESCRIPTION is given of a mains-driven constant-current device, 
having a stability within about | part in 5000. 


AERE—M773 7GeV proton synchrotron (Nimrod). Power supply 
and control circuits for magnet models ACI, AC2 and AC3 by 
A. J. Holt. Harwell, 1960. 2s. 6d. 


THE motor-generator power supply and control circuits, used to 
obtain pulsed and steady magnetic fields with magnet models ACI, 
AC2 and AC3, are described. 


AERE—R329i An automatic 1000channel read-out system by 
R. L. Elliott. Harwell, 1960. 4s. 6d. 


EQUIPMENT has been designed, using standard relays and uni- 
selectors, to transfer digital information, originally stored on a 
ferrite matrix, from transistor trigger circuits onto paper tape. 
Experience suggests that reliability, accuracy, reasonable speed and 
adequate life have been satisfactorily achieved. 


AERE—R3422 A magnetic tape recording system for nuclear 
physics research by J. N. Hooton. Harwell, 1960. 7s.t 


AN extremely flexible magnetic-tape-recording system, using }in. 
tape and storing up to 38 bits of correlated digital information per 
external event, is described. The system provides for sorting signals 
on replay. Novel circuits are incorporated for eliminating the 
effects of the disappearance or the severe attenuation of a signal 
owing to irregularities in the oxide coating of the tape or owing 
to the displacement of the tape from the writing or reading heads, 


AERE—R3443 The measurement of fast neutron flux using the 
$32(n, p)P32 reaction by R. H. Parker. Harwell, 1960. 5s. 6d.f 


A DISCUSSION is given of the theoretical and experimental aspects 
of measuring fast neutron fluxes by means of the sulphur32 (n, p) 
phosphorus 32 reaction. Recommendations are made on suitable 
methods for use during commissioning trials of power reactors. 
Special attention is given to the problem of measurement in regions 
of widely varying flux level, e.g. shield surveys. 


AERE—R3532 A remote reading gamma dose-rate meter and a 
training instrument for civil defence by K. E. G. Perry and J. E. 
Maddock. Harwell, 1960. 4s. 6d.f 


Two instruments for civil-defence use are described. The remote- 
reading dose-rate meter is designed to give an indication, in an 
underground shelter, of the level of y-radiation existing above 
ground owing to fall-out from atomic weapons. It measures dose- 
rate over the range 0-1-500r/h. The instrument is battery operated. 
The second instrument has been designed for training purposes to 
simulate the type of response that would be obtained from the 
remote-reading meter in radioactive fall-out conditions. 


AERE—R3593 The measurement of the scattering law for a 
moderator by P. A. Egelstaff. Harwell, 1960. 2s. 6d.f 

THE problems and methods associated with the measurement of 
scattering laws are discussed. The most favourable method, which 
is discussed in detail, is thought to be an experimental arrangement 
consisting of phased choppers and multiple detecting apparatus. 


AERE—R3611 Langmuir probe techniques in intense discharges 
by H. W. Jones and P. A. H. Saunders. Harwell, 1961. 5s.t 


A SUMMARY of the theory and a description of the techniques and 
limitations of the use of Langmuir probes for exploring gas- 
discharge characteristics are given. 


¢ Obtainable from H.M. Stationery Office, Kingsway, London W.C.2 
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LIBRARY ACCESSIONS 
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BOOKS 


BICKLEY, W. G., and TALBOT, A. 
An introduction to the theory of vibrating systems* 
Oxford: Clarendon Press, 1961. pp. xiv, 238. 22 x 14cm. 30s. 


Describes the principles governing the behaviour of vibrating systems 
and explains the mathematical concepts and techniques necessary for 
their study. Energy methods, including Lagrange’s equation of motion 
and the application of Rayleigh’s principle to discrete and continuous 
systems, are dealt with in detail. Analogies between mechanical and 
electrical systems are emphasized. 


534.1 


BRAILSFORD, F. 621.318 
Magnetic materials. 3rd edition* 


London: Methuen. New York: John Wiley, 1960. pp. vii, 188. 
17x 11cm. 16s. 


A Methuen monograph that aims at giving advanced students, 
research workers and those concerned with the technological applica- 
tions of magnetic materials a brief but comprehensive outline of present 
knowledge of the subject. 


CORNELIUS, P. 537.71 
Electrical theory on the Giorgi system* 
Cleaver-Hume, 1961. pp. x, 187. 22 x 14cm. 32s. 


This text is a practical demonstration of the Giorgi system. It includes 
a comparative review of formulae in the different systems of units. 
Reviewed in the May 1961 Journal. p. 314. 


FORDHAM, S. (Editor) 547 
Silicones 
Newnes, 1960. pp. xi, 252. 22 x 14cm. 36s. 


This is based on material provided by a number of experts, is intended 
for chemists, but provides information useful to others concerned with 
applications of silicones. It explains the chemistry of organosilicon 
compounds and deals with industrial manufacture and properties and 
applications, including electrical. 


HAUS, H. A., and PENHUNE, J. P. 538.3 


Case studies in electromagnetism. Part I—Problems with solutions. 
Part II—Laboratory experiments * 


New York and London: John Wiley, 1960. pp. xiii, 336. 
23x 15cm. £2 12s. 


The volume is intended to be used in conjunction with the book 
Electromagnetic fields, energy and forces’ by R. M. Fano, L. J. Chu 
and R. B. Adler. The work will be reviewed in a future issue. 


KRASSOWSKY, W. (Editor) 629.12 : 621.3 


Elektrische Antriebe auf Schiffen (Electric power in ships) 


a VDE-Verlag Gmbh, 1960. pp. 246. 24-5 x 17-5cm. 
S. 


A series of separate papers on the application of electricity in ships for 
control and propulsion and for driving pumps, winches and steering-gear. 
Reviewed in the December 1960 Journal, p. 731. 


KROES, T. J. 621.385 
Tube and semiconductor selection guide, 1960-1961. 3rd, revised, 


yy Technical Library, 1960. pp. 157. 23-5 x 15-Scm. 


Gives details of Philips valves. 
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621.315.2 
(Telegraph 


KNEBEL, K. 


Telegraphen-Land-und-Seekabel Fernsprech-Seekabel 
and telephone, underground and submarine cable) 


Goslar: Erich Herzog, 1960. pp. 254. 22 x 15-5cm. £3 16s. 


LEDLEY, R. S. 518.5 


Digital computer and control engineering* 


New York and London: McGraw-Hill, 1960. pp. xxiv, 835. 

23-5 x 15-Sem. £5 12s. 6d. 

This is an introduction to the subject for American senior-undergraduate 
and graduate students. It is a very detailed work divided into three 
parts—the over-all design of digital systems, the logical design of digital 
circuits, and the electron design of these circuits. Reviewed in the 
January 1961 Journal, p. 45. 


LIGHT RAILWAY TRANSPORT LEAGUE 
93 : 621.33 


The electric railway number of Cassier’s Magazine of August, 1899 
London: Light Railway Transport League, 1960. pp. 257-540. 
22-5 x 14:5cm. £2 10s. 

This is a reprint of the famous number of Cassier’s Magazine that 
was a profusely illustrated review of electric traction in 1899. It was 
written for the general reader and described developments in this 
country and the United States. 


MARTON, L. (Editor) 621.38 


Advances in electronics and electron physics—Vol. 13* 


New York and London: Academic Press, 1960. pp. x, 454. 
23-5 x 16cm. £4 16s. 6d. 


An annual volume containing selected critical and integrated reviews. 
This volume includes papers on velocity distribution in electron streams 
and television-camera tubes. It will be reviewed in a future issue. 


MEYERHOFF, A. J. (Editor) 518.5 


Digital applications of magnetic devices* 

New York and London: John Wiley, 1960. pp. xix, 604. 

23-5 x 15cm. £5 12s. 

This detailed work deals with the various types of core-diode circuit, 
core memories, transistor/magnetic-core combinations, and other 
specialized circuits. 


MOON, P., and SPENCER, D. E. 538.3 


Foundations of electrodynamics* 


New York and London: D. van Nostrand, 1960. pp. vii, 314. 
23-5 x 15-S5cm. £3 13s. 


Perhaps the principal feature of this book is its departure from the 
conventional subject-order of electrostatics, magnetostatics, etc. Instead 
it defines fields and basic concepts and Maxwell’s equations, afterwards 
considering charges with no relative motion, charges in uniform motion, 
and accelerated charges. Skin effect, waves, waveguides and antennas 
follow, with two final chapters on moving systems and relativistic 
electrodynamics. Reviewed in the May 1961 Journal, p. 317. 


PENFIELD, P., Jr. 538.551 


Frequency—power formulas* 
New York and London: John Wiley, 1960. pp. viii, 168. 
23-5 x 15-Scm. 32s. 


This work is based on a doctoral thesis. It deals with the frequency— 
power formulae of Manley and Rowe and others, describes the systems 
that obey the formulae, and indicates applications to rotating machines 
and communication systems. 
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Library accessions (continued) 


PUTLEY, E. H. 
The Hall effect and related phenomena* 
London: Butterworths, 1960. pp. viii, 263. 22 x 14cm. £2 10s. 


Describes recent developments in the study of electronic conduction in 
semiconductors, with emphasis on the significance of experimental 
results in terms of modern concepts of solid-state physics and transport 
properties. Reviews briefly developments to date and discusses tech- 
niques for measuring conduction properties and the behaviour of 
typical semiconductors. The properties of the more important semi- 
conductors are summarized. Reviewed in the May 1961 Journal, p. 318. 


537.312 


REEVES, E. A. (Editor) 621.31(03) 
Newnes electrical pocket book. 15th edition 

London: George Newnes, 1960. pp. viii, 392. 17 x 10cm. 

10s. 6d. 


Where possible, information on recent advances has been included in 
this edition. Examples are the Bacon fuel cell, infra-red 3 heaters, 
solar batteries, computers, superconductivity and pumped storage. 


ROSS, S. 541.13 


Faraday consults the scholars: the origin of the terms of electro- 
chemistry 


New York: Rensselaer Polytechnic Institute, 1960. pp. 44. 

28 x 22cm. np. 

Michael Faraday in the course of his work found it necessary to invent 
new words—electrode, anode, etc. He gave these careful consideration 
and sought the opinion of his friends, Whitlock Nicholl, Robert Willis 
and William Whewell. This volume gives some account of these men 
and of the correspondence he had with them on the words he was 
coining. 


SCHWEITZER, G. 621.313-181.4 


Basics of fractional horsepower motors and repair 


New York: John Rider. London: Chapman and Hall, 1960. 
pp. 168. 24 x 16cm. 36s. 

A very simple explanation of the way fractional-horse-power motors 
work, their construction and testing, copiously illustrated with diagrams 
and pictures. 


SHOTTER, G. F., and TAGG, G. F. 621.317.78 


Induction-type integrating meters* 

London: Isaac Pitman, 1960. pp. vii, 214. 22 x 14cm. 

£3 3s. 

This book is concerned mainly with the life of induction-type meters 


and, in particular, with wear on the bottom bearing. Reviewed in the 
April 1961 Journal, p. 245. 


SOMERVILLE, R. 93(421) 


The Savoy: manor: hospital: chapel* 


London: The Duchy of Lancaster, 1960. pp. xiii, 277. 

21°5 <X Iicm. 35s. 

This is a very interesting history of the small area of land between the 
Strand and the Thames and from the Temple to Shell-Mex House from 
early 13th-century times to the present. Reviewed in the February 1961 
Journal, p. 117. 


TORO, V. DEL, and PARKER, S. R. 
Principles of control systems engineering 


New York and London: McGraw-Hill, 1960. pp. xiv, 686. 
24 x 15-5cm. £5 12s. 6d. 


This book, for American senior-graduate students, deals with the time- 
domain, frequency-domain and root-locus approaches and the use of 
analogue and digital computers for the analysis and design of feedback 
control systems. Reviewed in the March 1961 Journal, p. 182. 


631-52 
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TATARSKI, V. I. 
Wave propagation in a turbulent medium 


530.14 


McGraw-Hill, 1961. pp. xiv, 285. 26 x 19cm. £3 16s, 


This is a translation from,the Russian of a general treatment of Scattering 
electromagnetic and acoustic waves and of the theory of parameter 
fluctuations of short waves propagating in a turbulent atmosphere, 


VALKENBURG, M. E. VAN 
Introduction to modern network synthesis* 


New York and London: John Wiley, 1960. pp. xii, 498. 
23-5 x 15cm. £4 14s. 


This book begins with a study of Brune’s positive real functions, followed 
by synthesis procedure for combinations of resistive, inductive and 
capacitive one-terminal-pair networks. Rational approximation, the 
relation of parts of network functions, and methods for the synthesis of 
two-terminal-pair networks are considered. Reviewed in the January 
1961 Journal, p. 47. 


538,551 


WEED, H. R., and DAVIS, W. L. 621.385 
Fundamentals of electron devices and circuits 
London: Isaac Pitman, 1959. pp. xii, 591. 23-5 x 15-S5cm. 


This book covers much of the field of degree and diploma courses in 
electrical engineering. It considers valves and transistors and their 
circuits used for rectification, amplification, etc., magnetic amplifiers, 
timing circuits, regulators, and photo-tubes and their applications. There 
are problems for the student to solve at the end of each chapter, 
Reviewed in the January 1961 Journal, p. 47. 


ZBAR, P. B. 621.38 (076) 
Industrial electronics: laboratory manual for electronics technicians 
McGraw-Hill, 1960. pp. 201. 28 x 21cm. 39s. 


Contains nearly 40 laboratory experiments for technician students. In 
each case the object, theory and method of carrying out the exercise 
are explained. The scope covers gaseous rectifiers, thyratrons, photo- 
tubes, relays, timing circuits, electronic timers, control and regulating 
devices, synchros, etc. 


OTHER PUBLICATIONS 


BRITISH BROADCASTING CORPORATION 

Tables of horizontal radiation patterns of dipoles mounted on 
cylinders by P. Knight and R. E. Davies. Engineering Mono- 
graph 35 


London: B.B.C., 1961. 27:5 x 22cm. 5s. 


pp. 43. 


Some aspects of optical lens performance. Secondary flare in lenses 
by K. Hacking. The design of lens hoods by W. N. Sproson. 
Engineering Monograph 36 


London: B.B.C., 1961. pp. 19. 27-5 x 22cm. Ss. 


ORGANISATION FOR EUROPEAN ECONOMIC 
CO-OPERATION 


Integrated data processing and computers. Report on a mission to 
the United States by a group of European experts 


Paris: O.E.E.C., 1960. pp. 77. 24 x 15:-5cm. 
Reviewed in the February 1961 Journal, p. 122. 


10s. 6d. 


ROYAL COLLEGE OF SCIENCE AND 
TECHNOLOGY, GLASGOW 


Nuclear reactor containment buildings and pressure vessels. Pro 
ceedings of a symposium organized by the Department of Mecha- 
nical, Civil and Chemical Engineering of the Royal College of 
Science and Technology, Glasgow, 17th to 20th May, 1960 


London: Butterworths, 1960. pp. viii, 572. 24-5 x 15cm. £5 
JOURNAL I.E.E. 
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SELECT COMMITTEE ON NATIONALISED 


INDUSTRIES 


from the Select Committee on Nationalised Industries, 
ther with the proceedings of the Committee, minutes of 
evidence and appendices. British Railways 


London: H.M. Stationery Office, 


45x 15cm. £1 2s. 6d. 


1960. pp. cvi, 505. 





UNITED STATES NATIONAL BUREAU OF 


STANDARDS 


Handbook of preferred circuits. 


equipment. Supplement No. 3 


Navy aeronautical electronic 


Washington: National Bureau of Standards, 1960. pp. 96. 


26 x 19-5cm. 4s. 


Reviewed in the February 1961 Journal, p. 121 





The following elections and transfers were approved by the 
Council of The Institution in May and June 1961 


ELECTIONS 
Member 


SUBRAMANIAM, Mrityunjaya, B.E. 


Associate Members 


ANTELL, George Richard, B.Sc. 
ASHFORD, Edward Rhodes 
BREYNARD, Keith Beaumont, B.£. 
carpiFF, Edward Hamilton, B.sc. 
prew, Donald Herbert 

epwarbDes, Harry Napier, B.SC., B.E. 
GRINDLEY, Albert Edward 
HADEKEL, Ruben, B.SC.(ENG.) 
HARRIS, Peter Ian, B.SC. 

JALINOUS, Mesbah, ING.DIPL. 
KESSLER, Alfred 

Lar, John, M.A. 

LaTHAM, Graham Reginald, B.sc. 
PEACOCK, Leslie 


Associates 


FERGUSON, John Robert 
crim, Jack Pieter, Jun. 
HyDE, Norman Eric 
LAUGHTON, William Arthur 


TRANSFERS 


Associate Member to Member 


ALLAN, Alexander William, B.Sc. 

BARNARD, George 

BENNETT, Victor Gordon, 0.B.E., 
B.SC.(ENG.) 

BLOXSIDGE, William Robert 

BOWEN, Dennis Dawes 

CHALMERS, David 

CHAPMAN, David Joseph Robert, 
B.SC.(ENG.) 

DALTON, Denis Cyril, B.SC.(ENG.) 

Davigs, David Leighton, B.sc. 

DICKENSON, Cuthbert Reginald 

DOUGLAS, Col. John Bell, 0.8.8. 

DUERDOTH, Winston Theodore, 
B.SC.(ENG.) 

FLACK, Reginald 

GIBBARD, Henry England 

HAIGH, Frederick Roebuck, B.SC. 

HARDING, Lawrence Arthur 

HARRIS, Frederick Henry, D.F.H. 

HAWLEY, Albert Alexander William 

HOWELL, Ronald Thomas Albert 
B.SC.(ENG.), PH.D.(ENG.) 


Associate to Member 
COCHRAN, Robert Gartshore Jack 


Associate to Associate Member 


BARNES, John, D.L.c. 

BATES, Eric 

BRUCE, Joseph John, B.SC.(ENG.) 
Cabe, Cecil Maxwell 


JULY 1961 





PRESTON, Albert 

PRICE, William James, B.SC.(ENG.) 

ROACH, Desmond Michael, B.e. 

ROMANIEC, Stanislaw Jerzy, B.SC.(ENG.) 

ROWLANDS, Edward, B.SC. 

SCOTCHER, Roland John, B.sc., 
B.SC.(ENG.) 

SUN, Sua-For Rai-Ko, M.CS., DR.SC. 

TIMMERMAN, Willem 

TROLLOPE, Leslie Thomas, B.SC. 

WHERRY, Andrew Brian, B.SC.(ENG.) 

WILLIAMS, George Albert 

WING, Maj. Peter Alan, B.SC.(ENG.) 

woopcock, Tom 


MuRDIE, Arthur George 
STEEDS, Raymond Harry 
SUTTON, George Halsey 


JOSHI, Vaman Ambadas, B.SC. 

LAMONT, Hugh Russell Letham, 
M.A., B.SC., PH.D. 

PAUSEY, James Thomas Bernard, B.ENG. 

PEEL, Hector Ilion Fred, M.SC.TECH. 

RAO, Brig. Mocherla Katumba, M.A., 
B.SC. 

RICE, Jack Edgar, M.ENG. 

SENIOR, David Anthony, M.A., PH.D. 

SHEARD, Kenneth Arthur, B.sc. 

SHEPHERD, John, B.SC. 

stImcox, George Edwin, B.ENG. 

SMITH, Dennis 

TERRY, Robert Gilman 

Topp, William George 

VARDY, Benjamin Robert James 
Charles 

VINCENT, Charles Holmes, M.SC., PH.D. 

WATSON, Daniel Stewart, B.SC.(ENG.) 

WHITING, Henry George 

wippis, Frederick Charles, B.sC.(ENG.), 
PH.D. 

WILLS, Reginald John, D.F.H. 


DILLEY, Arthur Frank 
INGRAM, Clifford Anthony, M.A. 
wuirte, Claude Ernest 


Elections and transfers 


Graduate to Member 
MORGAN, Herbert Dickson 


Graduate to Associate Member 


ALAZRACHI, Alberto, B.SC.(ENG.) 

ALLAN, James McLaren 

ALLCOCK, Geoffrey Arnold 

BAGNALL, Ian Angus 

BALL, Gordon Lewis, B.ENG. 

BANNISTER, Peter David 

BARNES, Robert Leslie Edgar, 
B.SC.(ENG.) 

BAULK, Kenneth 

BLACK, Ian Alexander, B.SC.(ENG.), 
PH.D. 

BLYTHE, Ernest James, B.SC.TECH. 

BOWATER, Eric 

BOWLING, Gedffrey Nelson, B.SC.(ENG.) 

BRIGHAM, Eric Richard 

BRITTAIN, Raymond Ernest 

BROMLEY, Horace Ernest George 

BUDD, Geoffrey 

BULLOCK, Frank, B.SC. 

BUNNETT, Peter Cyril 

BURROW, Edwin Michael 

CARPENTER, Michacl, B.SC.TECH. 

CHAPMAN, Kenneth Reginald, M.sc. 

COAKLEY, Sean Francis, B.E., B.SC. 

COLBURN, Peter John, B.SC.(ENG.) 

cooper, John Kenneth 

coutts, William Donald 

COwLES, John 

cox, Edmund Frank 

CRAWFORD, William 

CROSSLEY, Clive Gordon, B.SC.TECH. 

CROUCHMAN, Alan John 

CZERNUSZKA, Jerzy Kazimierz 

DAWSON, George 

DEARNIEY, John Dean, B.SC. 

pix, John William 

purFeyY, Frederic Charles Henry, 
B.SC.(ENG.) 

DUNN, Ronald 

ELLINGTON, Arthur Roger 

ELLIOT, Ian Emmerson 

ELLWoopD, Thomas Henry 

ESTERSON, Maurice, B.SC.(ENG.) 

EVANS, Philip Howard 

FILBY, Eric George 

FONG, William, PH.D. 

GAITELY, Lionel Frederick, B.SC.(ENG.) 

GARNER, Frederick, B.SC.(ENG.) 

Gress, Frank Silverthorne, B.SC.(ENG.) 

GILL, Allan Bennett 

GLOVER, John Edward 

HARDIE, Clive William Sealey 

HARLING, Ernest George 

HARRIS, Kenneth George 

HEATH, Wilfred Ian, B.SC.(ENG.) 

HENDERSON, James Porteous, M.SC. 

HICKS, Percy William 

HILL, Peter John 

HOCKLY, David Alan 

HOLDER, Martin Albion Charles 

HOPKINS, John Crawford, B.Sc. 

HORNER, Terence John 

HUDSON, David, D.F.H. 

HURR, Ernest Roy 

INOMA, Raphael Ejoh Nathan 


IRVING, Herbert Dan 

JACKSON, Robert John 

yee, Peter Robert 

jones, Iorwerth Alun 

JONES, John 

Jones, John Patrick 

KAYE, Alan Stanley 

KENNERLEY, William John Charles, 
B. ENG. 

KENT, Brian Hamilton, B.SC.(ENG.) 

KENYON, Douglas Bernard 

LAWRENSON, Peter John, B.SC., M.SC. 

Leese, George Barritt 

Lewis, Henry Rae 

McCAUGHAN, Augustine, B.SC. 

McKEOWN, Richard Thompson 

McKINLAY, William Hall, B.sc. 

McLENING, Eric William 

MAIR, James Campbell, B.sCc.(ENG.) 

MAJUMDAR, Nareschandra, B.E . 

MALONEY, Eric 

MANSELL, Jack William 

moopy, Robert Andrew 

MORGAN, Albert Walford 

MORGAN, George 

MORGAN, George Henry 

MORRIS, Kenneth Bradley 

MUNROE, Ernest LeRoy 

NAMBIAR, Kunnath Puthiyaveetil 
Padmanabhan, M.Sc. 

NEWTH, Michael Rafael 

NISBET, Robert Wood 

NYE, Anthony Edward Thomas, 
B.SC.(ENG.) 

O’CONNOR, James Barry, B.E. 

OGILviE, Edward Antonio DeLisser 

OWEN, Ronald 

PADLEY, Jeffery Stuart, B.SC.(ENG.) 

PAGE, Ronald William 

PAPAGIORGIS, Demetrios Anastassi 

PARSONS, Alfred Lorenz 

PASKELL, John Jesse, B.SC.(ENG.) 

PENFOLD, Norman Derek 

petty, Herbert Charles 

popay, Charles George 

PREBBLE, William Allen, B.SC., B.E. 

PRITCHARD, Alan Edward 

ROBERTS, Alan George Frederick 

SEALEY, John Aldham 

SHELLEY, Meville Leslie, B.sc. 

SHENOY, Buntval Srivivas Narayana 

SMALLEY, Bernard Ibbotson 

SPENCER, John Roger, B.SC. 

STAUNTON, Austin Joseph 

SULEK, Michal 

SUMANASEKERA, Yakdehikandage 

TAYLOR, Charles Albert 

TONKYN, William Neil, B.SC.(ENG.) 

TURNBULL, Kenneth Allan 

USHER, Ronald Arthur Robert 

WALLS, Raymond John 

WALTON, John Hugh Davey, B.Sc. 

WATSON, Edward Basil 

waATT, Sylvester Geddes Johnston 

WICKHAM, Vivian Humphrey 
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The following elections and transfers approved by the 
Council of The Institution are effective from the 22nd June 


1961 
ELECTIONS: ist LIST 


Graduates 


ARMSTRONG, Donald Stuart, B.SC.(ENG.) 

BANDYOPADHYAY, Asok Kumar, 
M.SC.TECH. 

BooTH, Anthony Gerald, B.sc. 

BOWKER, Nelson Ernest Edwin Thomas, 
B.SC. 

BRADFORD, Kenneth Allen, B.SC.(ENG.) 

BROOKES, Cyril Henry Putnam, B.«. 

BROWN, Alan Edward, B.Sc. 

BUDIHARDJO, Raden Mas Sajid, B.£. 

CHAN, Siew-Thean 

CORDEROY, Bryce, B.E. 

DICKINSON, Thomas 

DUHIG, John Patrick, B.E. 

HALIM, Mohammed Abdul Munasi, 
M.SC. 

HOLLAND, Gordon William, B.sc. 

HOLMES, Warwick Harvey, B.SC., B.E. 

Jones, Keith Richard, B.sc. 

KEDROFF, Brendan William John, B.£. 

LONGMAN, Derek Vernon 

MAJITHIA, Jayantilal Chatrabhuj, B.sc. 

MEADOWS, Richard Guy, B.Sc. 

MILLARD, Donald Joseph, B.SC., PH.D. 


Students 


AHSAN-UL-HAQ, Mohammad, M.Sc. 

ALDERSON, David Brian 

APPERLEY, Norman 

BAGWORTH, Alan Edward Michael 

BARKER, Wilfred John 

BASU, Chinmoy Bhusan, B.E.E. 

BRACE, Haydn Gwyn 

BRAY, Jonathan 

BROCKIE, Colin Glynn Frederick 

BROWN, Alan James 

BROWN, Keith Wilson 

BURT, Samuel Marshall 

CHANDLER, Derek Richard 

CHEONG, Boo Hong 

CLAXTON, Colin 

coates, Anthony Kilvert 

COLLINSON, Michael Jeremy 

EKINS, Richard George 

FARQUHARSON, John Pearson 

FAY, Donald Quentin Marcus 

FLEAR, John 

FRENCH, Peter St.John Richard 

GORDON, John Douglas Mackenzie 

Gott, Geoffrey Frank 

GRAINGER, Edward Stuart, B.Sc. 

GREAVES, Walter 

GRIFFITH, Norman 

HALLETT, Terence William 

HEIGHINGTON, Barry 

HICKLING, Harold John 

HIRST, Paul 

HOMAR, Alan 

HUDSON, Trevor Gilbert 

HUNTER, William Roger 

jos, Raymond Victor 

JONES, David 

JONES, Emmanuel Ezikiel Wochog 

JONES, John Raymond 

KHAN, Muhammad Saleemullah, 
B.SC., B.E. 

KHIRBAT, Manohar Lal, B.sc.(ENG.) 

KNIGHT, Alan Henry James 

LALLA, Charles David 

LAWRENCE, Raymond 

Lee, George Siang Ser, B.sc. 

LEY, John Martin 


TRANSFERS: Ist LIST 


Student to Graduate 


ADAMS, Brian, B.SC.(ENG.) 

AMU, Lawrence Abiodun Oike Giwa, 
B.SC.(ENG.) 

ANGELIDES, Odysseas Christodoulou, 
D.LC. 
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MURRAY, Robert George, B.SC. 

MURRAY, Robert Malcolm Stuart, 
A.R.C.S.T. 

NARANG, Dipak Raj, B.SC., B.A. 

NELIGAN, Michael, B.E. 

NOSIKE, Richard Charles Obuekwe 

owEN, Geoffrey David, B.sc. 

PALMER, Andrew William, B.E. 

PARTINGTON, John Adrian, B.SC. 

PATRICK, Ronald, B.sc. 

PERERA, Mahamandadige Bertie, D.F.H. 

ROBINSON, Kenneth Arthur, B.SC., B.E. 

SADLER, George Grade Taveira, D.F.H. 

SOEPOMO, Soetiman, B.E. 

TAY, Dominic Chye Aik, B.£. 

TRAFFORD-WILLEY, Phillip Charles, 
B.SC. 

UTTING, Victor Joseph 

WALKER, Roy William, DIP.TECH.(ENG.) 

WALKEY, John Langley, B.E. 

wutrte, John Boal, B.A. 

WILKINSON, Malcolm Robert 

woop, Graeme Gillam, B.E.£. 

woops, David Harold 


LIM, Hin Hai 

LONGSTER, John Michael 

LuxmoorE, Adrian Mark Crosthwaite 

MARTINDALE, Christopher 

MILLS, Derrick William 

mop1, Arun Kumar Ambalal, B.£.E. 

MORRELL, Nicholas Hugh 

NICHOLSON, George Ernest 

NORTHCOTE-GREEN, James Edward 
Douglas 

O’HARA, Conor Joseph 

oMAR, Ismail Bin 

PARKER, John Barry 

PEAKER, Anthony Ralph 

PEARN, Michael George 

PERRY, John Christopher 

PHILLIPS, David Norman 

POWELL, John Elson 

REEVES, David Stanley 

ROCHELLE, James 

SANZ-GUTIERREZ, Pedro, ING.EL. 

SAUNDERS, Patrick 

scott, David Anthony, B.Sc. 

scott, John 

SEARLE, Simon Malcolm 

SHERHOD, David Richard 

SHERRATT, Anthony Lloyd 

SINCLAIR, Peter Oliver 

SMITH, Douglas Graham 

smiTH, Geoffrey Stephen 

SMYTH, David Scott 

STAIGHT, John Henry 

STEADMAN, Alan John 

TAYLOR, Brian Michael 

THOMPSON, David Scott 

Tru, Ing Ing 

TURNER, Derek George 

WAVISH, Richard Francis Temple 

WEIGHTMAN, Brian 

WELLS, Albert George 

WHELDON, Adrian George 

waite, Anthony David 

WHITFIELD, Brian Fred 

WILCOX, Norman Harry 

WORTHINGTON, Sidney Geoffrey 

YOUNG, Keith 


ARMSTRONG, John Hogarth, B.SC.TECH. 
BARNES, David William, B.sc. 

BRAY, John Harris, B.Sc.(ENG.) 
BRENNAN, Patrick Joseph, B.Sc. 
BROWN, John Edward, B.sc. 


Student to Graduate (continued) 


COOKE, Anthony James, B.Sc. 

COOKSON, Leslie 

EDGERLEY, Christopher John, 
B.SC.TECH. 

FOGGO, Stewart Martin, B.ENG. 

GORDON, Cormac Noel 

GupTA, Krishan Gopal, A.R.C.s.T. 

HADFIELD, Frederick William, B.Sc. 

HANWELL, Anthony Ernest, B.A. 


ELECTIONS: 2nd LIST 
Graduates 


AHMED, Rafiq, B.SC., B.SC.(ENG.) 
ASTON, Terence Roy 

BILLINGSLEY, John, B.A. 

BROWN, William Gordon, B.SC.(ENG.) 
CHAPMAN, Frederick Fergus Peter 
CORBETT, Brian Henry, B.Sc. 
FREED, Gerald Anthony, B.Sc. 
GAN, Kim Song, B.£. 

GRANT, Peter Walter Ramsay 
GRAUPE, Daniel, B.SC., DIPL.-ING. 
HATT, John James, B.A. 


Students 


ABSON, Lt. William Hedley, R.E.M.E. 
AHMAD, Abdul Rashid Bin 

BAILEY, John Christopher 
BAINBRIDGE, Anthony 

BAWN, Martin Russell 

BEAK, John Harvey 

BEAUJEUX, Paul Michael 
BROMFIELD, Roy O’Brien 

BROWN, Thomas Wallace 

BRYANT, Michael 

BUICK, Paul Ramsay 

BUTCHER, David Alan 

BYATT, Frank Arthur 

CAMPBELL, Ian Hartley 

CARR, Raymond 

CHAN, Bah Thye 

CHAN, Chung Chung 

CHARAF, William Hassan, B.SC.(ENG.) 
CHRYSOSTOMOU, Zenon 

COLMER, Ralph Allen, B.sc. 
CONAILL, Ciaran Ua 

DAKIN, Keith Eric 

DARBYSHIRE, Raymond 
DOWLATSHAHI, Gholamreza Pasban 
DYER, David William 

ELDRIDGE, Eleanor Christine 
EMERSON, Andrew Christopher 
FREEMAN, Andrew William Charles 
GANDERTON, Richard Alan 
GIBSON, David 

HALL, John Foster 

HAMER, Ian Roger 

HAMID, Syed Iqbal, B.SC., B.E. 
HARRISON, Michael Robert 

HAYES, Terence 

HODDER, David Edward 

HUNT, Geoffrey Frederick 

JAMES, Brian 

JAYADEVAN, Elaguppillay 


TRANSFERS: 2nd LIST 
Student to Graduate 


BHALLA, Ramesh Kumar 

BHAMBRA, Santokh Singh 

BIDWELL, Lt. David, B.SC.(ENG.), 
R.E.M.E. 

BRADING, Edward, DIP.TECH.(ENG.) 

CATLOW, Fred, B.SC. 

DE BEER, William Allan, B.sC.(ENG.) 

DE LA GUERRE, Petrus Morney, 
B.SC.(ENG.) 

DEMETRIOU, Voris Anthoniou, B.Sc. 

DENNARD, Brian Richard 

DOBLE, David Michael Leslie 

DUKE, David Brian, B.Sc. 

DUNFORD, Bryan George, B.SC.(ENG.) 

ELSTON, Norman, B.SC. 

FORSYTH, Donald Keith 

FRANKLIN, Peter 

GRATTON, Brian 


HOPKINSON, Philip Hugh 

KETTLE, David Maxwell 

LOVATT, Godfrey Boyd, DIP. TECH.(ENG) 
McINTOSH, Ranald 

NODDINGS, John, DIP.TECH.(ENG.) 
PARREN, Robert James, B.sc. 
STEWARD, John Lewis, DIP.TECH.(ENG,) 
SWINDELL, William, B.sc. 
WELLBELOVED, Robert 


HAYES, Harold John Edward, 
DIP.TECH.(ENG.) 

KITTUR, Pandurang, DIP.TECH.(ENG.) 

MITRA, Salilendra Nath 

RAKSHIT, Bhabani Prasad, B.sc. 

SIDDIQI, Farid Ahmad, B.SC.(ENG.), 
M.ENG. 

SMITH, Timothy John Bertrand, Bsc, 
PH.D. 

WALKER, Edward Kenneth, B.t. 

webs, Geoffrey Alan 

WIND, Brian Alexander, B.sc. 


JOHN, George Alan 

JONES, Derrick 

JONES, John Brynmor 

JONES, Robert Alan 

KEAN, Clarence 

KEMP, William Charles 

LAMB, Peter John 

MAITRA, Rajendra Lal, B.sc. 
MAJDPOUR, Ahmad 

MEADES, Norman Frederick 
MILES, Roger Stewart 

NAYSMITH, David Thomas 

oH, Siew Nam 

O’HERLIHY, Maurice Joseph 
OSBORNE, Colin Terry 

OUTRAM, Stephen Henry 

PAGET, Frederick George 

PEET, Jeremy Alfred 

PERERA, Patrick Neville Anthony 
PETERS, Martin Geoffrey 
QUEENAN, John Thomas Brogdon 
RAINEY, William Francis 
RIDLEY, Godfrey Frederick 
ROATH, Arthur Edward 
RUSSELL, John Patrick 

RUSSELL, Malcolm 

SAMPATH, Lakshmi Narsingh, B.SC. 
SAWYERR, Godwin Toluwalase 
SHOESMITH, Terry - 
SKINNER, Michael Stephen Arthur 
TAN, See Chey 

TANSLEY, Brian Arthur 
THOMSON, John Robert 

WALT, Raynard 

WHITCOMBE, Leonard Charles 
WILLS, Trevor 

WILSON, John Michael 

WILSON, Robert John 

YOUNG, William George Wightman 


HANKS, Leonard Edward, B.SC.(ENG.) 

HICK, Michael Alfred Sampson, 
DIP.TECH.(ENG.) 

HUSSEIN, Bin Wan Endut 

LEGG, Malcolm, B.Sc. 

LEYEL, Peter Anthony 

MACDONALD, Alisdair David, B.SC. 

McNAUGHTON, Hamish Stewart, B.SC. 

MILNE, Alasdair Birrell, B.sc. 

RICE, Christopher George, B.SC. 

SANCHEZ, Fernando Juan, B.SC. 

STILL, John William, DIP.TECH.(ENG.) 

STONE, Roger Louis 

WHEAWELL, Thomas Harold, 
B.SC.(ENG.) 

wire, Keith Alan, B.SC.(ENG.) 

XENOPHONTOS, Andreas, B.SC. 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 
SUMMARY OF CONTRIBUTIONS RECEIVED TO 
gTH JUNE 1961 


no. of 
contributors ef es £ 
£1000 and over 8 8685 0 0 
£100 to <£1000 32 7181 3 © 
£5 to <£100 930 Fizz 2 1 
£2 to <£5 2383 6583 14 4 
under £2 31562 16642 7 3 
£48814 6 8 


HONOURS AND DISTINCTIONS 
CONFERRED ON MEMBERS 


THE names of these members of The Institution were included 
in the list of Birthday Honours and Distinctions conferred by 
Her Majesty the Queen: 

KNIGHT COMMANDER OF THE MOST EXCELLENT 
ORDER OF THE BRITISH EMPIRE 

Buckley, Rear-Admiral K. R. (Member) 


COMPANION OF THE MOST HONOURABLE ORDER 
OF THE BATH 


Shirley, Air Vice-Marshal T.U.C., c.B.E., R.A.F. (Member) 


COMPANION OF THE MOST DISTINGUISHED 
ORDER OF SAINT MICHAEL AND SAINT GEORGE 


Cowen, A. B., 0.B.E. (Member) 


COMMANDER OF THE MOST EXCELLENT ORDER 
OF THE BRITISH EMPIRE 

Kendon, D. H., B.sc.(ENG.) (Member) 

Lampitt, A. F., 3.p..(Companion) 

Penley, W. H., B.ENG., PH.D. (Associate Member) 

Searby, N. H., PH.D., B.Sc. (Member) 

Whipple, G. A., M.A. (Member) 

Williams, Prof. F. C., 0.B.E., D.SC., D.PHIL., F.R.S. (Member) 
OFFICER OF THE MOST EXCELLENT ORDER OF 
THE BRITISH EMPIRE 

Carey, A. E. G. (Associate Member) 

Melville, J., B.sc.TECH. (Associate Member) 

Richards, C. W. C., B.SC.(ENG.) (Associate Member) 

Roe, Capt. R. G. B. O., R.N. (Associate Member) 
Whitmore, G. (Associate Member) 


MEMBER OF THE MOST EXCELLENT ORDER OF 
THE BRITISH EMPIRE 

Charles, F. N. (Associate Member) 

Douglass, L. (Member) 

Emery, E. A. (Associate Member) 

Harrop, T. G. C., B.£.M. (Member) 

Oliver, J. S. (Associate) 

Sherratt, Maj. W. E., B.SC., R.SIGNALS (Associate Member) 


COMPANION OF THE IMPERIAL SERVICE ORDER 
Griffiths, J. H. (Member) 


JULY 1961 


BRITISH EMPIRE MEDAL 
Sykes, C. W. (Associate) 


ELECTION OF COUNCIL FOR THE 

YEAR 1961-62 

THE following were nominated by the Council for the vacancies 
that will occur in the offices of President, Vice-Presidents, 


Honorary Treasurer and Ordinary Members of Council on 
the 30th September 1961: 


President G.S. C. Lucas, 0.B.E., F.C.G.1L. 


Vice-Presidents (two vacancies) 


A. H. Mumford, 0.B.£., 
B.SC.(ENG.) 


R. L. Smith-Rose, C.B.£., 
D.SC., PH.D. 


Honorary Treasurer C. E. Strong, 0.B.E., B.A., B.A.I. 

Ordinary Members of Council 

Members (four vacancies) 

Sir Robert Cockburn, K.B.E., 
C.B., M.SC., PH.D. 

J. S. McPetrie, C.B., PH.D., 
D.SC. 


Prof. C. W. Oatley, 0.B.E., 
M.A., M.SC. 
H. West, M.Sc. 


Associate Members (two vacancies) 


J. Brown, M.A., PH.D., P. L. Taylor, M.A. 
D.SC.(ENG.) 


Companion (one vacancy) 
The Rt. Hon. The Viscount Falmouth 


No nominations having been received from members of 
The Institution, the Council’s nominees are deemed to be 
duly elected in accordance with the provisions of Bye-law 51. 
Personal details of the Council’s nominees were given in the 
April 1961 Journal, p. 253. 

The election of Dr. R. L. Smith-Rose as a Vice-President 
has created a casual vacancy among the Ordinary Members 
of Council for the unexpired part of his term of office as an 
Ordinary Member. The President, with the unanimous 
support of the Council, has appointed Mr. G. Millington, 
M.A., B.SC., MEMBER, to fill this casual vacancy. Mr. Millington 
is Chief of Propagation (Theory) Section at Marconi’s 
Research Laboratories, Chelmsford, Essex, and is a Past- 
Chairman of the Electronics and Communications Section. 

The constitution of the Council for next session will 
accordingly be as follows: 


President G. S. C. Lucas, 0.B.E., F.C.G.1. 


The Past-Presidents 
Vice-Presidents 
B. Donkin, B.A. A. H. Mumford, 0.B.£., 
O. W. Humphreys, C.B.E., B.SC.(ENG.) 

B.SC. R. L. Smith-Rose, C.B.E., 
C. T. Melling, c.B.E., D.SC., PH.D. 

M.SC.TECH. 


Announcements to members (continued) 


Honorary Treasurer C. E. Strong, 0.B.E., B.A., B.A.I. 


Ordinary Members of Council 
Members 


Prof. H. E. M. Barlow, 
PH.D., B.SC.(ENG.), F.R.S. 

D. A. Barron, M.Sc. 

C. O. Boyse, B.SC.(ENG.) 

F. H. S. Brown, C.B.E., B.SC. 

Sir Robert Cockburn, K.B.E., 
C.B., M.SC., PH.D. 

L. Drucquer 

J. S. McPetrie, c.B., PH.D., 
D.SC. 


Associate Members 


J. C. Arkless, B.sc. 
J. Brown, M.A., PH.D., 
D.SC.(ENG.) 


Companion 


Prof. J. M. Meek, D.ENG. 

G. Millington, M.A., B.SC. 

The Hon. H. G. Nelson, M.A. 

Prof. C. W. Oatley, 0.B.£., 
M.A., M.SC. 

J. R. Rylands, M.sc., J.P. 

G. A. V. Sowter, PH.D., 
B.SC.(ENG.) 

H. G. Taylor, D.SC.(ENG.) 

H. West, M.Sc. 


R. A. Hore, B.SC., M.A., 
WH.SC., PH.D. 
P. L. Taylor, M.A. 


The Rt. Hon. The Viscount Falmouth 


Associate 
J. S. McCulloch 


Chairmen and Past-Chairmen of Sections 


W. S. Elliott, M.A. (Measure- 
ment and Control) 
*J. M. Ferguson, B.SC.(ENG.) 
(Utilization) 
J. S. Forrest, pD.sc., M.A. 
(Supply) 
*C. G. Garton (Measurement 
and Control) 


*J. E. L. Robinson, M.sc. 
(Supply) 
H. G. Taylor, pD.sc.(ENG.) 
(Utilization) 
*T. B. D. Terroni, B.sc. 
(Electronics and Commu- 
nications) 


R. J. Halsey, C.M.G., B.SC.(ENG.), 


F.C.G.1. (Electronics 
and Communications) 


Chairmen and Past-Chairmen of local Centres 


*R. B. Anderson (Scottish) 
Prof. E. G. Cullwick, 0.B.t., 
M.A., D.SC. (Scottish) 
*F. W. Fletcher (North 
Midland) 
C. H. Flurscheim, B.A. 
(North-Western) 
C. F. Freeman, B.sc.(ENG.) 
(South Midland) 
T. Gill, B.sc. (Western) 
*Lt.-Col. W. E. Gill, tT-.p. 
(East Midland) 
*R. Goford (Southern) 
T. G. C. Harrop, M.B.£. 
(Southern) 
*J. McA. Irons (Northern 
Ireland) 
*Brig. F. Jones, C.B.E., M.SC. 
(South Midland) 


* Past-Chairmen 
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*F. Linley (North-Western) 
W. J. A. Painter (North 
Midland) 
Prof. J. E. Parton, B.sc., 
PH.D. (East Midland) 
R. N. Pegg (Mersey and 
North Wales) 
*D. A. Picken (Mersey and 
North Wales) 
P. Richardson (North- 
Eastern) 
W. Szwander, DIPL.-ING. 
(Northern Ireland) 
*A. C. Thirtle (Western) 
*D. H. Thomas, M.SC.TECH., 
B.SC.(ENG.) (North- 
Eastern) 


ELECTION OF 


SECTION COMMITTEES 
FOR THE YEAR 1961-62 


ELECTRONICS AND COMMUNICATIONS 
SECTION 


THE following were nominated for the vacancies that will 
occur on the Committee of the Electronics and Communica. 
tions Section on the 30th September 1961: 


Chairman R. J. Halsey, C.M.G., B.SC.(ENG.), F.C.G.1. 
Vice-Chairman J. A. Ratcliffe, c.B.E., M.A., F.R.S. 


Ordinary Members of Committee 


C. A. Marshall, B.sc. 
R. C. G. Williams, pup, 
B.SC.(ENG.) 


V. J. Cooper, B.SC.(ENG.) 
H. Davies, M.ENG. 

G. W. A. Dummer, M.B.E. 
R. Feinberg, DR.-ING., M.SC. 


No other nominations having been received, the constitu. 
tion of the Committee for next session will accordingly be 
as follows: 


Chairman R. J. Halsey, C.M.G., B.SC.(ENG.), F.C.G.I. 
Vice-Chairman J. A. Ratcliffe, C.B.E., M.A., F.R.S. 


Past-Chairmen 
M. J. L. Pulling, C.B.E., M.A. 
Ordinary Members of Committee 


W. H. Aldous, B.sc. N. C. Rolfe, B.sc.(ENG.) 
P. A. T. Bevan, C.B.E., Bsc. K. F. Sander, M.A., PHD.,, 
J. Brown, M.A., PH.D., B.SC. 
D.SC.(ENG.) J. A. Saxton, D.SC., PH.D. 
V. J. Cooper, B.SC.(ENG.) T. R. Scott, D.F.C., B.SC. 
H. Davies, M.ENG. F. J. D. Taylor, 0.B.£., 
G. W. A. Dummer, M.B.E. B.SC.(ENG.) 
R. Feinberg, DR.-ING., M.SC. C. Williams, B.sC.(ENG.) 
C. A. Marshall, B.sc. R. C. G. Williams, PH.D. 
L. J. I. Nickels, B.sc.(ENG.) B.SC.(ENG.) 
W. J. Perkins R. C. Winton, B.sc. 


T. B. D. Terroni, B.sc. 


Together with the following: 

The President 

A Representative of the Council 

The Chairman of the Papers Committee 

A Representative of each local Electronics and Communica- 
tions Group 

A Representative of each of the three Fighting Services 


MEASUREMENT AND CONTROL SECTION 


The following were nominated for the vacancies that will 
occur on the Committee of the Measurement and Control 
Section on the 30th September 1961: 


Chairman W. S. Elliott, M.A. 
Vice-Chairman A. C. Lynch, M.A., B.SC. 


Ordinary Members of Committee 


W. H. Devenish E. J. R. Hardy, B.sc.(ENG.) 
H. M. Gale, B.sc.(ENG.) 


JOURNAL 1.E.B. 
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No other nominations having been received, the constitu- 
tion of the Committee for next session will accordingly be 


as follows: 
Chairman W. S. Elliott, M.A. 


Vice-Chairmen 
A. C. Lynch, M.A., B.SC. A. J. Maddock, D.sc. 
Past-Chairmen 
Cc. G. Garton Prof. A. Tustin, M.Sc. 


Ordinary Members of Committee 


S. S. Carlisle, M.Sc. 
W. H. Devenish 
H. M. Gale, B.sc.(ENG.) 


W. Renwick, M.A., B.SC. 
R. D. Trotter, B.sc.(ENG.) 
J. H. Westcott, PH.D., 


E. J. R. Hardy, B.SC.(ENG.) B.SC.(ENG.) 

W. J. Jefferson F. C. Widdis, PH.D., 
C. A. Laws B.SC.(ENG.) 

§. N. Pocock 


Together with the following: 


The President 

A Representative of the Council 

The Chairman of the Papers Committee 

A Representative of each local Measurement and Control 
Group 

A Representative of the National Physical Laboratory 


SUPPLY SECTION 


The following were nominated for vacancies that will occur 
on the Committee of the Supply Section on the 30th 
September 1961: 


Chairman J. S. Forrest, D.sc., M.A. 


Vice-Chairmen 
D. T. Hollingsworth D. B. Irving, B.sc. 
Ordinary Members of Committee 


L. D. Anscombe, M.A. 
W. H. Dunkley, B.sc.(ENG.) 


J. D. Nicholson, B.sc. 
V. J. Vickers, B.sc.(ENG.) 


No other nominations having been received, the constitu- 
tion of the Committee for next session will accordingly be 
as follows: 


Chairman J. S. Forrest, D.SC., M.A. 


Vice-Chairmen 


C. H. Flurscheim, B.A. 

D. T. Hollingsworth 

Past-Chairmen 

J.R. Mortlock, PH.D., 
B.SC.(ENG.) 


Ordinary Members of Committee 


D. B. Irving, B.sc. 


J. E. L. Robinson, M.sc. 


L. D. Anscombe, M.A. D. McDonald, B.sc. 
E. S. Booth, M.ENG. J. D. Nicholson, B.sc. 
Prof. M. W. Humphrey N. G. Simpson 

Davies, M.sc. V. J. Vickers, B.SC.(ENG.) 
W. H. Dunkley, B.sc.(ENG.) F. C. Walmsley 
C. J. O. Garrard, m.sc. T. W. Wilcox 


W. D. Horsley 
JULY 1961 








Together with the following: 


The President 

A Representative of the Council 

The Chairman of the Papers Committee 

A Representative of each local Supply Group 


UTILIZATION SECTION 


The following were nominated for the vacancies that will 
occur on the Committee of the Utilization Section on the 
30th September 1961: 


Chairman H. G. Taylor, D.Sc.(ENG.) 


Vice-Chairmen 

R. F. Richardson, M.B.E. C. D. Wilkinson 
Ordinary Members of Committee 

D. Gray, B.Sc. 


W. J. Outram, M.ENG. 
To 


J. Hamilton, M.ENG. Pick, B.SC.(ENG.) 


E. R. Laithwaite, M.SC., PH.D. 


No other nominations having been received, the constitu- 
tion of the Committee for next session will accordingly be 
as follows: 

Chairman H. G. Taylor, D.sc.(ENG.) 

Vice-Chairmen 

R. F. Richardson, M.B.E. 
Past-Chairmen 

J. M. Ferguson, 8.SC.(ENG.) 
Ordinary Members of Committee 


C. D. Wilkinson 


T. E. Houghton, M.ENG. 


J. R. Anderson, T.D., A. V. Lawry 
B.SC.(ENG.) P. M. Martin, B.sc. 
S. L. M. Barlow A. V. Milton 
J. E. Boul W. J. Outram, M.ENG. 
J. A. Broughall, B.sc.(ENG.) T. S. Pick, B.sC.(ENG.) 
O. T. Evans Prof. G. H. Rawcliffe, M.A., 
D. Gray, B.SC. D.SC. 
J. Hamilton, M.ENG. J. Tozer 


E. R. Laithwaite, M.sc., PH.D. 


Together with the following: 


The President 

A Representative of the Council 

The Chairman of the Papers Committee 

A Representative of each local Utilization Group 

Nominees of the Admiralty, the Air Ministry, the Ministry 
of Labour and National Service (Factory Department), the 
Ministry of Works and the War Office 


APPOINTMENTS AND NOMINATIONS 


B.S.I. COUNCIL FOR CODES OF PRACTICE 


The Council have nominated Mr. S. E. Goodall, M.sc.(ENG.), 
F.Q.M.C., PAST-PRESIDENT, to serve for a further year as their 
representative on the above council. 
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B.S.I. TECHNICAL. COMMITTEE ELE/85— 
ELECTRICAL PROTECTIVE SYSTEMS 

The Council have nominated Mr. G. J. Tuke, MEMBER, to 
serve as an additional member of the above committee for 
liaison with the work of the Committee on Regulations for 
the Electrical Equipment of Ships. 


B.S.I. TECHNICAL COMMITTEE ELE/80—CONDUIT 
AND CONDUIT FITTINGS FOR ELECTRICAL 
APPARATUS 

The Council have nominated Mr. T. A. Frazer, M.A., MEMBER, 
to serve as their representative on the above committee in 
place of Mr. E. E. Hutchings, B.sc.(ENG.), MEMBER, who has 
resigned. 


INTERNATIONAL COMMISSION ON IRRIGATION AND 
DRAINAGE—BRITISH NATIONAL COMMITTEE 

The Council have nominated Mr. B. Donkin, B.A., VICE- 
PRESIDENT, to serve for a further term as their representative 
on the above committee. 


NATIONAL SOCIETY FOR CLEAN AIR—YORKSHIRE 
DIVISIONAL COUNCIL 

The Council have nominated Mr. A. J. Coveney, MEMBER, to 
continue to serve as their representative on the above council 
for a further year, with Mr. W. J. A. Painter, MEMBER, as his 
deputy. 


EAST ANGLIAN REGIONAL ADVISORY COUNCIL 
FOR FURTHER EDUCATION, EASTERN AREA 
ENGINEERING SUB-COMMITTEE 

The Council have nominated Mr. W. M. Bishop, B.SC.(ENG.), 
ASSOCIATE MEMBER, to serve as their representative on the 
above sub-committee. 





THE SECRETARY OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS 


APPLICATIONS are invited for the appointment of 
Secretary of The Institution of Electrical Engineers, 
which will become vacant about the Ist October 1962, 
and should be sent to the President of The Institution, 
Savoy Place, London W.C.2, marked on the top left- 
hand corner ‘Secretaryship’, to arrive not later than the 
20th September 1961. Candidates should preferably be 
between the ages of 40 and 50 years and desirably be 
Corporate members of The Institution. There is an 
adequate superannuation scheme, and the salary and 
conditions of service will be commensurate with the 
high responsibility of the post. The selected candidate 
would be required to commence his service in June 1962 
and work for three months in collaboration with the 
retiring Secretary. 
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ST. HELENS TECHNICAL COLLEGE, GOVERNING 
BODY 

The Council have nominated Dr. J. B. Higham, psec, 
MEMBER, to serve as their representative on the above govern. 
ing body. 


IPSWICH CIVIC COLLEGE, COUNCIL FOR 
ENGINEERING 

The Council have nominated Mr. H. V. Pugh, MEmsEr, to 
serve as their representative on the above council. 


LEEDS BRANCH COLLEGE OF ENGINEERING 

AND SCIENCE, GOVERNING BODY 

The Council have nominated Mr. F. W. Fletcher, Meme, 
to serve as their representative on the above governing body, 


BOOTLE MUNICIPAL TECHNICAL COLLEGE, 
GOVERNING BODY 

The Council have nominated Mr. J. Collins, MEMBER, to serve 
as their representative on the above governing body. 


BRADFORD INSTITUTE OF TECHNOLOGY, 
GOVERNING BODY 

The Council have nominated Mr. A. J. Coveney, MEMBER, to 
serve as their representative on the above governing body. 


INTERNATIONAL TELEVISION 
CONFERENCE 


THE Electronics and Communications Section of The Institu- 
tion is organizing an international television conference 
covering all scientific and engineering aspects. It will be held 
at Savoy Place from the 31st May to 7th June 1962. 

This period will overlap the last three days of an Inter- 
national Instruments, Electronics and Automation Exhibition, 
Olympia, London, at which most British and many oversea 
manufacturers of television equipment and apparatus will be 
represented. Arrangements are being made to link the con- 
ference and the exhibition, and it is expected that the coinci- 
dence of the two events will increase the attendance of 
electronics engineers and technologists from oversea. 

The conference will be an important milestone in the 
history of television development. It will follow the 25th 
anniversary of the first regular television programme in the 
world, by the British Broadcasting Corporation from 
Alexandra Palace, London, at the end of 1936; it will mark 
an interval of ten years from the conference on the British 
contribution to television, held by The Institution in 1952 
when many other countries were starting television broad- 
casting; and it will occur at a time when Britain has achieved 
a density of television coverage unmatched elsewhere and 
when the whole future pattern of broadcasting in Britain is 
under active consideration at Government level, and when 
the planning of wide-scale television coverage is being con 
sidered by countries all over the world. 

The conference will cover technological aspects of the 
whole television field, including programme engineering, 
transmission, reception, standards, colour, industrial and 
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educational television, pay television, links and relay, includ- 
ing the use of communication satellites. It is expected that 
more than 1500 delegates will attend. A balanced technical 
programme will include about 150 lectures, papers and 
contributions; and the information and ideas presented and 
discussed will form the technical basis of the future pattern 
of television. 

The submission of papers is invited, and further information 
may be obtained from the Secretary of The Institution. 


THE INSTITUTION BUILDING 


yHose taking part in the Summer Meeting held in London 
from the 29th May to 2nd June 1961 were furnished with an 
illustrated booklet on “The Institution building’. This deals 
in an introduction with the acquisition of the building in 1909, 
The Institution’s growing need for improved accommodation, 
and the method finally decided on to satisfy this. Particulars 
are given of the alterations made during the course of the 
reconstruction scheme just completed, and notes are provided 
on the air-conditioning, lighting, speech-reinforcement and 
other facilities installed. The booklet also includes a reprint 
ofa light-hearted article on ‘The adventure of building’, which 
was published in the December 1959 Journal. 

Any member can obtain a copy of this booklet from the 
Secretary of The Institution. 


CONFERENCE ON ELECTRONIC 
TELEPHONE EXCHANGES 


THE papers and discussions at the recent convention on 
electronic telephone exchanges will be published at the end of 
this month in a supplement (No. 20) to Part B of the Pro- 
ceedings. This supplement—with its contents and index pages 
and in a semi-stiff cover—will be complete in a single issue. 
The prices (post-free) are £3 10s. to members of The Institution 
and £5 to non-members. 

Copies may be obtained on application to the Secretary 
of The Institution. 


PAPERS FOR THE PROCEEDINGS 


THE Institution’s ‘Handbook for authors’ gives particulars of 
a number of requirements (including maximum length), 
compliance with which is essential if a paper is to be accepted 
for publication in the Proceedings. 

The handbook includes an outline of the broad classes of 
paper that are acceptable, and this may assist an author to 
decide whether, and in what form, to submit his material. 
It is, however, concerned chiefly with the manner in which a 
paper should be written; the matter is considered by at least 
three referees, who give their opinions as to its suitability. 

Occasionally, a manuscript has to be returned to the author 
without assessment of its intrinsic merit, because it is so 
badly presented as to be unsuitable for sending to referees. 
Aa author who is thinking of submitting a paper for the 
Proceedings should therefore apply to the Secretary of The 
Institution for a copy of the handbook. This may save the 
trouble and expense of avoidable revisions and correspondence. 

A copy of the handbook will be supplied free of charge to 
4 prospective author who submits a summary of the paper he 
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has in mind. Any other interested person may obtain a copy 
for 3s. (post-free). 


MEMBERS TRAVELLING TO AND FROM 
THE UNITED KINGDOM 


MEMBERS Visiting or taking up residence in the areas of any 
of the Oversea Branches, Oversea Committees, Joint Groups 
or Professional Groups, which are listed on pp. 485 and 486, 
are invited to apply to the Secretary of The Institution for a 
letter of introduction to the appropriate Honorary Secretary. 

If members coming home from oversea will inform the 
Secretary of The Institution of their address in this country, 
even if they do not desire a change of address to be recorded 
in the Institution Register, arrangements will be made for 
them to be sent information about the various meetings etc. 
of The Institution and its local Centres and when occasion 
arises for them to be put in touch with other members. 

The Secretary will be glad if members from oversea who 
are able to visit the Institution premises will call on him. 


COMMUNICATIONS FROM OVERSEA 
MEMBERS 


OVERSEA members are specially invited to submit for publica- 
tion in the Proceedings written communications on papers 
read before The Institution or published in the Proceedings 
without being read. The contributor’s country of residence 
will be indicated. Brief articles, items of news and photographs 
intended for the Journal will also be welcome. 

Copies of all papers that will be read before The Institution 
are sent to each Oversea Representative of the Council for 
distribution to members likely to be in a position to submit 
communications. 


COMPUTER GROUP 


MEMBERS Of The Institution are invited to affiliate with the 
Professional Group on Electronic Computers of the Institute 
of Radio Engineers. Application forms may be obtained from 
Mr. L. G. Cumming, Technical Secretary, Institute of Radio 
Engineers, 1 East 79th Street, New York 21, New York, 
U.S.A. The affiliation fee of $8.50 per year includes the 
quarterly Transactions of the group. 


STRESS ANALYSIS 


THE second international conference on stress analysis will 
be held in Paris from the 10th to 14th April 1962. It will be 
organized by the Groupement pour l’Avancement des 
Méthodes d’Analyse des Contraintes (GAMAC). 

The Joint British Committee for Stress Analysis say that 
it is not intended to include review papers in the conference. 
Contributions will deal mainly with the results of experimental 
work, and there will be no publication of the complete 
texts by GAMAC. Each prospective author is asked to 
submit a two-page abstract of his proposed paper in English, 
French or German, together with a ten-line summary in each 
of the three languages. Abstracts and summaries from the 
United Kingdom should be sent to the Secretary, Joint 
British Committee for Stress Analysis, The Institution of 
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Announcements to members (continued) 


Mechanical Engineers, 1 Birdcage Walk, London, S.W.1, 
not later than the 30th September 1961. Authors will be 
informed that papers are accepted or otherwise by the 
15th November 1961 at the latest. 

The completed manuscripts must not be more than 20 pages 
long, including illustrations, and should be typed in double 
spacing on one side only of paper measuring 30 x 21cm. 
The abstracts and summaries of accepted papers will be 
duplicated by the organizers and dispatched in booklet form 
to all persons who have signified their intention to attend 
the conference before the 22nd December 1961. Delegates 
and others will be asked to inform GAMAC before the 
5th January 1962 which papers they require in full. GAMAC 
will tell all authors how many copies of their papers will be 
required, and authors will be asked to prepare copies and 
send them to GAMAC before the Ist February 1962. The 
Joint British Committee will assist authors of British and 
Commonwealth papers who have difficulty in duplicating 
their papers. 

During the conference, rapporteurs will summarize each 
paper in five minutes in French, and ten minutes’ discussion 
will follow. 


PHYSICS AND SPACE RESEARCH 

A RESIDENTIAL symposium on ‘Some aspects of the physics of 
space research’, organized by The Institute of Physics and 
The Physical Society, will be held at the Royal Military 


College of Science, Shrivenham, Swindon, Wilts., from the 
20th to 22nd September 1961. The following topics will be 
discussed: the advantages to physicists of space research; 
cosmic rays, particle physics and meteorology; physical 
techniques in space research; and rockets, orbits and 
trajectories. 

Further information may be obtained from the Administra. 
tion Assistant, The Institute of Physics and The Physical 
Society, 47 Belgrave Square, London S.W.1. 


AERO-SPACE AND NAVIGATIONAL 
ELECTRONICS 


A CONFERENCE On aero-space and navigational electronics, 
organized by the Baltimore Section and the relevant Profes- 
sional Group of the Institute of Radio Engineers, will be held 
from the 23rd to 25th October 1961 at the Lord Baltimore 
Hotel, Baltimore, Maryland, U.S.A. 

The conference will deal with engineering developments, 
electronic techniques, and scientific accomplishments relating 
to missiles, aircraft and space vehicles. Fields of interest 
include communication, telemetering, ground support equip- 
ment, computers, spectrum utilization, interference con- 
siderations, data handling, radar, microwaves, antennas, air- 
traffic control, navigation, propagation, microminiaturization, 
etc. 

Further information may be obtained from Mr. W. C, 
Vergara, Director, Advanced Research Department, Bendix 
Radio, Towson 4, Maryland, U.S.A. 





LONDON REPORT 


ANNUAL GENERAL MEETING 


EXPERIMENTAL INVESTIGATION OF SPACE 


OLLOWING the Annual General Meeting (see p. 412) on the 

18th May 1961 at Savoy Place, Mr. J. A. Ratcliffe, 
Director of the D.S.I.R.’s Radio Research Station, Slough, 
presented a lecture on ‘The experimental investigation of 
space’. The President, Sir Hamish D. MacLaren, presided. 

Mr. Ratcliffe’s lecture ranged from the exploration of the 
Earth’s atmosphere by balloon, rocket ascents and orbiting 
satellites to the examination of space outside the Earth’s 
atmosphere by space probes. It was pointed out that an 
observer on the surface of the Earth is to a large extent 
screened from many sources of radiation in space, for 
example from ultraviolet and X-rays, and from energetic 
particles. By using rockets it has proved possible to measure 
directly the levels of ionization present in the upper atmo- 
sphere, to investigate ionospheric winds and to measure 
cosmic, ultraviolet and X-radiation. Some interesting 
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pictures of the sun, taken by ultraviolet and X-radiation for 
comparison with those taken by visible light, were shown. 

The speaker outlined the work of the Space Research 
Committee of the Royal Society, who, under the Chairman- 
ship of Prof. Massey, are responsible for co-ordinating 
United Kingdom space research. Reference was made to the 
scientific work, based on satellites launched by Scout rockets, 
being carried out by University College and Birmingham 
University. 


Exploring interplanetary regions 

Mr. Ratcliffe then described the use of orbiting satellites for 
exploring the upper reaches of the Earth’s atmosphere. 
Measurement of the orbital period, using observations on 
radio beacons or visual observation, has given valuable data 
on the density of the tenuous upper atmosphere and its 
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variation with time. The residual air drag, even at heights 
of hundreds of kilometres, is sufficient to affect perceptibly 
the orbital period, especially in the case of satellites of low 
mass-to-volume ratio such as the Project Echo balloon 
satellite. Changes of density associated with solar flares had 
been detected. 

The tests carried out by the Americans, in which atomic 
bombs had been exploded at heights of some hundreds of 
kilometres, yielded results of great importance in relation to 
our knowledge of the ionosphere. These tests established, for 
example, that electrons from the vicinity of the atomic 
explosion could spiral along the Earth’s lines of magnetic 
force many thousands of kilometres out into space, returning 
to an approximately antipodal point. 

Some notable discoveries had also been made by the 
Americans using space probes, one of the most interesting 
being the Van Allen radiation belts. These are toroidal 
concentrations of high-energy electrons and protons at heights 
of some thousands of kilometres, the maximum intensity 
being in the equatorial plane of the Earth. Experiments were 
also being made to determine the distribution of the magnetic 
fields in interplanetary space, especially between the Earth 
and the sun. 

Mr. Ratcliffe, by his clear delivery and gift for reducing 
complex scientific matters to understandable terms as well 
as by the fascination of his subject, held the interest of his 
audience throughout. In fact, the President admitted, in 
proposing the vote of thanks, that he had been so enthralled 
in listening to the lecture that he had omitted to prepare any 
notes for his own speech! w. J. B. 


LONDON EDUCATION DISCUSSION 
CIRCLE 


TECHNICAL EDUCATION 


R. F. T. Chapman opened the discussion on the 

14th February 1961 at Savoy Place under the chairman- 
ship of Dr. G. S. Brosan. The title of his talk was ‘Technical 
teacher training’. 

Dr. Chapman outlined the requirements for a teacher of 
further education—practical industrial experience, ability to 
‘know and get on with’ his students, thorough knowledge of 
his subject, and the ability to mix well with his colleagues being 
some of the necessary attributes. He then proceeded to the 
various paths open to a potential teacher. They were: 


1. Direct appointment with no training 

2. Direct appointment with one day per week at a training 
college 

3. Direct appointment with one term per year for three years 
at a training college 

4. A pre-appointment one-year course at a training college. 


Among the many points raised was the fact that good teaching 
was desirable at all levels but essential in the basic courses. 
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Mr. Jameson, Principal of Garnett Training College, 
referred to the requirements in the technical-education field 
over the next few years. In spite of the expansion of the 
training colleges, a considerable gap would exist between the 
number of trained teachers and the number of vacant teaching 
posts. 

The general discussion ranged over a wide field, and among 
the suggestions made was the use of seminars within a college 
to enable teaching points to be debated. A suggestion that 
training was of use only in the colleges offering the basic 
work was quickly refuted. A fifth route to the appointment 
of a technical teacher was mentioned, namely the part-time 
evening lecturer who later accepted a full-time appointment. 

The meeting closed on the sober note that there was room 
for improvement in our teaching methods and some doubt lay 
in the need being met for more suitably qualified technical- 
college teachers. 


. National Certificate and technician courses 


Mr. H. W. French opened the discussion on the 14th March 
at Savoy Place in front of a large gathering, Dr. G. S. 
Brosan being in the chair. His topic was ‘New routes into 
National Certificate and technician courses’. He did not deal 
with the contents of the White Paper itself, as he hoped that 
these were already familiar to the members of the audience. 
Instead he dwelt on the philosophy behind the White Paper 
and, after commenting on some of the more subtle points, 
moved on to consider the implications of the report. 

He referred to the new scheme being essentially a ‘hole- 
plugging’ operation, an attempt to cut down the wastage 
occurring at the moment in the National Certificate scheme. 
It would be necessary in the future for candidates to enter 
the new National Certificate via the General Certificate of 
Education (as at present) or by means of success in the new 
General Course examination, which would be an externally-set 
group of papers aimed at a standard rather higher than the 
existing S.1. The level to be achieved in the final year of the 
Ordinary National Certificate would, however, remain at that 
of the present S.3 examination. 

It was to be expected that a great deal of discussion would 
arise from such a topic, and in this no one was disappointed. 
Many thought that the evening studentship following a 
National Certificate course would soon become a thing of 
the past. The vast majority of the audience appeared to 
welcome the truly national G.2 examination. The effect 
would be a reduction in the number following a National 
Certificate course, although it was hoped that the total of 
successful students would increase slightly. The transfer of 
many students to technician or craft courses would have 
certain repercussions. At least one person had fears whether 
existing workshop accommodation would prove adequate. 

Dr. D. O. Bishop proposed the vote of thanks to the 
speaker and summed up very adroitly when he said that he 
had been to a number of meetings on the new White Paper 
but this had proved by far the most useful he had attended. 
The combination of the expert, speaking on his subject, and 
the ensuing discussion had resulted in a most successful 
evening—an opinion heartily endorsed by those present. 
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London report (continued) 


Teaching physics to engineers 

Dr. J. Topping led the discussion at the meeting on the 
12th April 1961 at Savoy Place, the subject being ‘Teaching 
physics to engineers’. Dr. G. S. Brosan again took the chair. 

Dr. Topping said that there should be a stronger content of 
physics in electrical engineering courses and more attention 
should be paid to the teaching methods employed. The plea of 
‘no time for all this physics’ should be resisted, and teachers 
had to face the problem of educating students, using a limited 
range of subject-matter, assured that, if they had done the 
job properly, their students would be educated rather than 
merely taught and so able to tackle other fields, new to them, 
unaided. 

There was a need to strengthen the scientific basis of 
engineering education, which meant more physics and a 
deeper understanding of scientific method. ‘A’-level physics 
was hardly an adequate basis, as it was assumed to be in 
London degree courses. Courses at other universities and 


some Diploma in Technology courses included more physics 
in the second and third years. There was also a need for 
courses on the physics of materials to be dealt with in a 
comprehensive way, but there was a shortage of suitable 
staff. Specialists were also needed (in this case, physicists) who 
were keen to teach their speciality to students in another 
field (in this case, engineers). 

Dr. Topping felt that in teaching there should not be an 
overemphasis on mathematics; mathematics only expressed 
the physical ideas that were the starting-point of any theo- 
retical development. Secondly, the differences between 
phenomena, concepts and theories should be made clear and 
the nature of scientific method discussed. Thirdly, the 
laboratory work should be redesigned, its purposes clarified 
and project work used more. 

There was so much agreement with the remarks made by the 
speaker that the following discussion was not perhaps as 
vigorous as at some of the other meetings, but a plea was 
made for a simpler approach to some of the subject-matter. 

B. F. G. 





BULLETIN OF THE SECTIONS 


SUPPLY 


ELECTRICITY SUPPLY IN INDIA AND ITS FUTURE 


O one among the large audience who attended the 

Supply Section’s Annual Lecture on the 10th May 1961 
at Savoy Place could have remained unmoved by the compre- 
hensive survey of electric-power development in India so 
successfully unfolded by Dr. M. Datta in the short time at 
his disposal. 

His introductory remarks touched on the historic and 
cultural background of India. He then embarked on a 
description of India’s past and present industrial and 
electricity-supply development and of the likely future 
expansion of generation, transmission and distribution. 
Perhaps the best way of placing this over-all impressive task 
in correct local and engineering perspective would be to 
quote one brief extract from Dr. Datta’s lecture: 


‘In India today, we are fighting against odds to deliver the 
material benefits of political freedom to the largest number 
of our people. The outcome of that struggle will determine 
whether an underdeveloped country, with a vast population 
increasingly aware of higher standards of living elsewhere, 
can build a progressive economy, raise living standards, 
develop sound social institutions and achieve political 
stability with a democratic framework.’ 
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The present situation 


India had an area of over 14 million square miles and a 
population of over 410 million, 70% of whom were engaged in 
the production of food grains and cash crops. At this time 
there was 5800 MW of installed generating capacity, 24 times 
that of 1951. In five years the present capacity was expected to 
be doubled. There were large coal and hydro resources fairly 
evenly distributed, the latter available for the dual purpose 
of irrigation and power (see map). 

With regard to electricity consumption, the contrast with 
the more advanced and industrial countries of the world 
appeared very marked when Dr. Datta gave the figure for 
the annual consumption per head of population in India 
as 40kWh against 2000 for the United Kingdom and 600 for 
the whole world. The future potential, however, might be 
gauged by the fact that, while all the towns of 50 000 inhabi- 
tants and upwards were electrified, there were more than 
500000 towns and villages with populations up to 10000 of 
which approximately 20000 only were electrified. When the 
statistical background of India’s supply and consumption 
programme had been effectively dealt with, the author gave 4 
technical review of specific generation projects and the 
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longer valid, since in the construction 
field age-old and simple manual opera- 
tions appeared to be quite compatible 
with those using modern mechanized 
plant. Artistically, also, the film’s musical 
background wove an effective pattern 
of conventional Eastern melody with 
unmistakable strains of ‘D’ye ken John 
Peel’, all with a distinct rock’n’ roll rhythm, 

Prof. M. G. Say interpreted the feelings 
of the audience when he formally expressed 
the thanks of the Supply Section to the 
lecturer, paying a graceful tribute to Dr. 
Datta when he referred to him as both a 
wise man of the East and a man ofthe West. 


N. G. S, 
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ELECTRONICS AND COMMUNICATIONS 


HOT PROSPECTS FOR COLD DEVICES 


i warmth of the discussion at Savoy Place on the 
10th April 1961, with Mr. R. J. Halsey in the chair, was 
in marked contrast to the coldness of the subject. ‘Electrical 
phenomena at liquid-helium temperatures’ may have struck 
many readers of The Institution’s programme as more 
appropriate to physicists than to engineers, but Dr. R. E. 
Hayes, in his very valuable introduction to the discussion, 
soon dispelled any such illusions by indicating that liquid 
helium was rapidly becoming a commercial proposition in 
many fields, with reduced cost and size of the necessary plant, 
and by surveying many important applications of low- 
temperature phenomena. 

Probably the best known of these was superconductivity— 
one of the first applications to be investigated and still not 
adequately understood. The dependence on the magnetic 
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field of the critical temperature was particularly interesting; 
a number of materials had been investigated for various 
specialized applications. 


Switching devices for computers 


There seemed to be a major field in low-temperature 
switching devices for computers; various cryotrons were 
described; application of evaporated thin conducting films to 
the construction of large stores for computers was also 
discussed, including advantages of compactness, relative ease 
of manufacture of identical units, etc.; ferrite devices were 
stated to be definitely inferior, and subsequent discussion 
supported this statement, although not without some opposi- 
tion. Liquid helium at temperatures below 2-19°K had 
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properties particularly suited to the cooling of large arrays 
of switching units. 

Another application of superconductors was to gyroscopes 
having extremely small errors. 

The study of semiconductors at liquid-helium temperatures 
was stressed. What had been pure research into the funda- 
mental properties of semiconductors had given rise to the 
discovery of peculiar properties in the voltage/current 
characteristics of semiconductors, with applications to 
switching and storage: a field that would probably give rise 
to even more exciting discoveries. 


High price no deterrent 

Quantum-mechanical tunnelling through very thin insula- 
ting layers between a superconductor and a conductor or 
between two superconductors was another interesting phe- 
nomenon which, no doubt, would lead to a range of bistable 
devices having a negative impedance over a part of the 
characteristic of the device. Fabrication of such devices was 


relatively simple and rapid using evaporation techniques, 
(We should familiarize ourselves with terms such as cryosar, 
tunneltron, etc.) 

Liquid-helium-cooled masers were discussed at length, 
Complete masers could now be built weighing only about 
301b; this was inclusive of a closed-circuit helium refrigerating 
plant, complete with compressors etc. There were no big 
magnets in the maser assembly because the magnetic field 
was provided by a small superconducting assembly. 

Liquid helium was now seen as an essential commodity in 
an industrial-research laboratory, not only in the United 
States but also in this country. The price of liquid helium in 
Great Britain—£5 per litre—need not be a deterrent, because, 
with a moderate consumption of about 300 litres per annum, 
the capital invested in the liquefying plant could be soon 
recovered. 

The meeting obviously included much expertise, producing 
a free and lively discussion. This was an excellent example of 
a specialist meeting, on a subject about which we are clearly 
going to hear quite a lot more in the future. L.JLN, 


VOLTAGE-REGULATION TUBES 


@. Monday, 8th May 1961, at Savoy Place, we had three 
papers dealing with voltage-regulator tubes. The first, 
by Mr. E. Cohen and Dr. R. O. Jenkins, ‘The corona- 
discharge and its application to voltage stabilization’ was 
read by Dr. Jenkins. A short review appears on p. 441. He 
explained that the field of application of the corona-discharge 
tube was for currents of about a few hundred microamperes 
at high voltages, and it had been primarily developed for 
nucleonic instrumentation. The tubes operated with a corona- 
discharge, and, if the current were increased beyond the 
rated value, a glow discharge would form at a lower voltage. 
A detailed description of the operating parameters followed. 

Dr. F. A. Benson read ‘Comparison of argon, krypton and 
xenon as admixtures in neon glow-discharge reference tubes’, 
written by himself and Mr. G. P. Burdett. This paper is re- 
viewed on p. 438. He observed that the information given in 
the paper was an extract from a large amount of work they 
had done on glow-discharge tubes and that therefore it did 
not contain all the information that they had available but 
showed that the heavy gases, krypton and xenon, had 
characteristics of reducing the striking voltage and modifying 
the running voltage that were similar to those of argon. 

The third paper, ‘Impedance/frequency characteristics of 
glow-discharge reference tubes’ by Dr. F. A. Benson and 
Mr. P. M. Chalmers, centred largely on Van Geel’s theory; 
this was discussed at length. A short account of the paper 
appears on p. 439. 


Under fire 


The meeting was well attended by an audience who 
appeared to be using these tubes or working in the field. The 
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discussion was opened by Mr. G. F. Weston, who suggested 
that the variation in geometry might invalidate Dr. Benson’s 
results; he referred to Penning’s work with other geometries, 
He also dealt with impedance characteristics and Van Geel’s 
theory. Mr. J. Smith discussed Section 4.3 of the paper on 
argon and xenon and the temperature coefficients and pointed 
out that the temperature coefficients were usually negative 
but in some commercial tubes they were positive, possibly 
Owing to an impurity, and that the action was known to be 
reversible. He asked if any tubes changed from a positive to 
a negative temperature coefficient. 

Mr. R. Lake inquired whether, in the tests on corona tubes, 
Dr. Jenkins had found that the running voltages and striking 
voltages had been constant on repeated switchings. In his 
reply, Dr. Jenkins said that they had appeared to be so. On 
the Benson and Burdett paper, Mr. Lake asked if voltage 
jumps or discontinuities occurred with all admixtures of 
argon etc. and whether the impedance measurements had 
been made in normal light or there had been any radioactive 
elements in the tubes. 

Mr. R. P. Rowe referred to short-life problems with corona 
tubes and quoted a number of catastrophic failures. Mr. W. F. 
Willshaw considered that further research was required to 
give a more detailed physical explanation of the effects 
observed in both corona- and glow-discharge tubes. Mr. D. 
Rees inquired if Dr. Benson had examined the effects of the 
proximity of the glass wall on tube characteristics. Mr. 
Turner asked whether gas mixtures other than those given 
by the authors had been considered. 

The discussion continued until late. Dr. Jenkins replied 
for the paper on corona-discharge tubes and Mr. Chalmers 
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and Mr. Burdett for the glow-discharge tubes. Dr. Benson 
concluded the discussion by dealing with some later research 
that they had carried out. He had found that the voltage 
jumps and discontinuities were greatly reduced if the cathode 
material were single-crystal rather than polycrystalline, and 


that the ‘spread’ in manufacture appeared to be much 
diminished. 

The length of the discussion showed the interest of all 
present, and the meeting ended with comments to this effect 
by the chairman, Mr. R. J. Halsey. Ahh 


ELECTRONICS IN AIR-TRAFFIC CONTROL 


LECTRONICS in air-traffic control was the subject of a 

lecture at Savoy Place on the 17th May 1961. The lecture 
was prepared jointly by Dr. B. J. O’Kane and Dr. E. Eastwood 
and was presented by Dr. Eastwood. He opened by saying 
that those who flew aircraft and those who controlled aircraft 
should know a great deal about air-traffic control, but in the 
field of electronics he had found a wealth of advice being 
offered by those who did neither. 

The modern trend in transistor electronics opened up vast 
new fields of application of devices for air-traffic control and 
for airborne use. With the growing volume of air traffic, 
there was now the need for improved aids to assist the air- 
traffic controller to do his job more efficiently. The key 
element of an efficient air-traffic-control system was the 
provision of a central store or library of processed informa- 
tion. The introduction of new devices would necessitate 
evolutionary application, since their reliability and fail-to- 
safety characteristics had to be fully ensured in an effective 
system. When this had been achieved, it might be expected 
that air-traffic controllers would be ready to surrender some 
of their authority to the machine. 


Procedural control 

The present control of civil air traffic was by procedural 
methods, the aircraft being controlled in space and time 
along defined airways. With the future increase in density 
and speed of aircraft, it appeared that the control of the 
whole airspace would be a necessity. This wouid increase the 
task of the controllers, but their facilities could be greatly 
improved by the provision of adequate electronic aids. 
A number of films of radar pictures were shown, indicating 
the distribution of air traffic over the United Kingdom. A 
film of special interest also derived from radar showed vast 
numbers of birds in movement. The lecturer commented 
that perhaps we had something to learn from bird movement, 
since they appeared to be able to control their flight without 
collision. 

Broadband microwave links were necessary to pass the 
radar information from the radar sites to the central store or 
computer. Alternatively, the radar data on aircraft positions 
could be automatically extracted at the radar sites, data- 
Processed and transmitted to the central store on narrow- 
band circuits. The central store would accept information 
from flight plans, from radar sources and from navigation- 
position reports, the two latter sources providing the means 
of updating the flight plans. As an example of the size of the 
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central store or flight computer required, the speaker said 
that about 700 bits of information would be needed for 
each aircraft track, and, if 300 tracks were to be stored, this 
would correspond to 210000 bits of information in the store. 
Ferrite stores with a capacity of about 30000 bits/ft? were 
possible. 

The question arose as to how much the control system 
should rely on automatic methods. Even if exceptionally 
high reliability were achieved, it was thought that the designs 
had to be made to fail safe and manual control had to be a 
possible alternative. The lecture was admirably presented and 
supported by many interesting illustrations, but nevertheless 
it was thought that more time should have been spent on the 
discussion of navigational techniques and automatic commu- 
nication links. 


Co-operation required 

In opening the discussion, Sir Lawrence Sinclair commented 
that both the civil and the military control organizations 
should operate together. This was being achieved to some 
degree in the upper airspace, where aircraft control was 
being effected by combined civil and military teams. As this 
plan developed, it was expected that the civil and military 
tie-up would become more effective. It was thought that the 
introduction of automation into air-traffic control should 
proceed steadily, to an aimed objective. 

Capt. A. Hunt observed that the author had not made 
reference to three-dimensional radar. Mr. Dickie mentioned 
that the traffic illustrations that had been shown indicated 
an unduly alarming density of aircraft. The position was by 
no means as alarming as it looked, because the size of the 
echoes on the radar screen was not in conformity with the 
scale of the map. Mr. Price, an air-traffic-control officer, 
inquired when these new devices would be available, since 
he still had to use a pencil to write out a progress strip in his 
control procedure. 

The President, Sir Hamish D. MacLaren, remarked that, 
in the military field, the Royal Navy had been using radar- 
data-extraction and automatic-display systems for several 
years in their comprehensive display system. Many of the 
techniques had been adequately developed, and it now 
remained for civil aviation to define its requirements and to 
find the means to pay for them. 

In conclusion, the Chairman, Mr. T. B. D. Terroni, 
expressed the grateful thanks of those present at the lecture 
for a very successful and interesting meeting. Cc. W. 


477 


Bulletin of the Sections (continued) 
UTILIZATION 


SUMMER VISIT TO LLANDUDNO 


HERE was a high degree of pleasurable interest and 

temperature enjoyed by the 88 members and their 
ladies attending the Summer Visit at Llandudno on the 
12th and 13th May 1961; this must have been one of the 
most successful visits the Section has yet held. The genial and 
considerate personality of our Chairman, Mr. J. M. Ferguson, 
and Mrs. Ferguson, added greatly to the pleasure of all 
concerned. 

Those attending arrived at the Grand Hotel on Friday, 
12th May, and spent the afternocn visiting the A.E.I.—Hot- 
point factory at Llandudno Junction, which produces some 
7000 washing-machines per week. The factory is operated 
on a mass-production power-driven assembly-line principle, 
with about five miles of overhead conveyor to feed it with 
parts in addition to providing storage for the components 
until they are needed. This visit left little doubt in the minds 
of those who disputed the necessity for a washing-machine 
in every home that their view was in the minority. 

The evening was spent at a reception and dance held at the 
Grand Hotel as guests of the Llandudno Urban District 
Council, when a most pleasant and happy time was passed 
with the Chairman of the Council, Councillor R. Roberts, 
and Mrs. Roberts. 


The Goliath crane 


Early Saturday morning, members left by coach for a visit 
to the 5OOMW nuclear power station (the fourth in the 
Generating Board’s programme) at Trawsfynydd, while their 
ladies enjoyed a fascinating coach tour through some of the 
most beautiful Welsh countryside, visiting Betws-y-Coed, 
Ffestiniog, Beddgelert and Portmadoc, joining the members 
for lunch as guests of the Generating Board at Ffestiniog. 

Members saw the fruits of 21 months’ work on the impres- 
sive project at Trawsfynydd, where the foundations for the 
permanent buildings were complete and the superstructure 
for the first of the two reactor buildings and the turbine house 
was well advanced. The Goliath 400ton-capacity crane, one 
of the two largest of this type in the world, had already 
moved the bottom half of one of the pressure vessels from 
the fabrication shop nearby into its permanent position 
inside the biological shield of the reactor building. 

The upper section of the vessel, weighing some 400 tons, 
was having its nozzles fitted in the construction area, after 
which it would be transported by the crane, which would 
first remove the roof of the construction building in one 
piece to allow the upper section of the vessel to be lifted out 
of the building. The first boiler was almost complete and was 
to be lifted onto its plinth in a few weeks. 

Civil engineering work on the 275kV switching compound 
was nearing completion, and work had now started on the 
erection of the switchgear; while the 275kV transmission line 
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between the pumped-storage scheme at Ffestiniog, Traws. 
fynydd and Connah’s Quay near Chester was Virtually 
complete. 


Pumped storage 


After lunch, the combined party toured the pumped. 
storage installations at Ffestiniog, consisting of two reservoirs 
with approximately 1000ft difference in elevation, the 
pressure-conduit system, and the 300MW power station 
accommodating four 75 MW alternator/motor-turbine-pump 
vertical sets. The lower reservoir, which was complete, had 
a catchment area of about 2350 acres and was formed by 
a 40ft-high concrete gravity dam approximately 1800ft 
long; while the upper reservoir was formed by a 900ft-long 
buttress dam 118ft high and was now well on its way to 
completion. 

The pressure-conduit system, with two 14ft 6in. vertical- 
shaft intakes, which bifurcated at the bottom into four 
10ft-diameter tunnels emerging about 200ft above the power 
station, to which was joined 7ft 6in-diameter welded-steel 
penstocks with prestressed concrete surrounds, completed 
the system. Great care had been taken in the design of the 


Mr. J. M. Ferguson (centre) with members at A.E.1.—Hotpoint’s 
factory at Llandudno during the Utilization Section’s Summer 

Visit 
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whole project to make it as unobtrusive as possible, and there 
was little doubt that this has been successful. 

The superstructure work on the power station was well 
advanced, and erection of Nos. 1 and 2 machines was pro- 
gressing rapidly; while the 160MVA generator-transformer 
for the machines was now in position. 

After taking tea on the site, the party returned to Llandudno, 


where they attended a dinner at the Grand Hotel, an occasion 
that gave Mr. Ferguson an opportunity of thanking our 
hosts and those who had contributed to such a successful 
and enjoyable two days. It was obvious that everyone had 
enjoyed their stay in North Wales and would carry away 
with them happy recollections of a most successful Summer 
Visit. S. L. M. B. 


MEASUREMENT AND CONTROL 


SIMULATION OF INTELLIGENCE 


ow much truth is there in the exaggerated claims some- 
Hi. made for the ‘intelligence’ of modern automata? 
This important question was discussed by Prof. D. M. 
MacKay in a lecture to the Section on the 25th April 1961 
at Savoy Place. Mr. C. G. Garton was in the Chair. 

The lecturer said that any organism, whether artificial or 
otherwise, had to adapt itself continually to a changing 
‘pattern of demand’, ‘Intelligence’ was shown by the way in 
which indications of the current and past states of affairs 
were linked to the selection of courses of action, so as to 
profit from ‘redundancy’ in the pattern of demand. The 
actions selected might include internal changes, either in the 
sensitivity of elements or in the pattern of interconnection 
between them. 


Learning by machines 

Although some basic goal had to be implicit in the design 
of any automaton, it was quite possible for a suitably orga- 
nized system to evolve its own hierarchy of subsidiary goals 
and corresponding symbols for concepts, even without the 
explicit foresight of a designer. Among the principles 
suggested were: 


1, Spontaneous exploration, both in the external and in the 
internal fields of activity, guided by equipment for sensing 
‘trends’ or correlations in the results 

2. Automatic development by internal natural selection of 
‘organizers’ that responded to specific regularities in the 
pattern of demand by preparing ‘sub-routines’ of activity to 
match them, so gradually increasing the efficiency of adapta- 
tion. These organizers in time would form a hierarchy, 
representing first-, second-, . . . mth-order abstractions from 
the pattern of demand 

3. A ‘conceptual workshop’ in which organizers for trial 
were spontaneously prefabricated under the guidance of 
‘feed-forward’ from the receptor system 

4. ‘Progressive differentiation of function’—gradually increa- 
sing the complexity of the repertoire as the organizing system 
developed, so as to keep the chances of success and failure 
roughly equalized. Other things being equal, this maximized 
the flow of new information about the structure of the world 
into the organizing structure, which amounted in effect to an 
internal model or analogue of it. Where the penalties of 
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failure or the benefits of success affected the prospects of 
further development, of course, this policy might need 
qualification. 


To enable a system’s repertoire to ‘grow’ in this way, 
electrolytic processes seemed suitable, and two kinds had 
been investigated. The first, tried out some years ago, was 
the differential growth of conductors, such as silver dendrites, 
under the guidance of electric fields. In liquids, this produced 
rather unstable paths whose growth was not smoothly 
reversible. The second, on which Prof. MacKay’s department 
was at present engaged, was the differential growth of insula- 
ting films, such as those formed in electrolytic capacitors. 

By weaving a mesh of aluminium and double-cotton- 
covered copper wire and wetting the cotton with, say, 
ammonium borate, it was possible to form an extremely 
complex network whose topology and number of ‘degrees of 
freedom’ could be smoothly and reversibly adjusted, e.g. by 
passing appropriate quantities of charge between different 
pairs of wire. Even more important, it was possible to abolish 
one pattern of behaviour by allowing the corresponding area 
of mesh to dry out, to replace it by another by wetting a 
different area, and to recover the first pattern by wetting the 
original area later. 


Not brains but persons 


The conclusion suggested was that the /imits to the activity 
of computers differed in scale rather than in principle from 
those that governed the human brain. This was not equivalent 
to saying that these or any machines could think: this would 
be logically improper. Computers manipulated not ideas but 
symbols for ideas. So, for that matter, did brains, It was not 
brains, but persons, that thought. 

The discussion revealed the very keen interest of the 
audience and the extent to which it was stimulated by Prof. 
MacKay’s clear exposition, in spite of the fact that many of 
the terms used must have been unfamiliar to some of the 
engineers present. 

The discussion centred mainly on the more philosophical 
issues raised, such as the possession of ‘subjective awareness’ 
by machines. On this, Prof. MacKay professed firm agnosti- 
cism; for, although he did not believe that the Christian view 
of man (which he himself held) ruled out the possibility of 
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artificial ‘begetting’, he doubted whether men could ever 
understand their own nature explicitly enough to write a 
specification for it. One had to remember also the ludicrous 
disparity in scale between the 10!°-fold complexity of a 
human brain and that of any feasible machine. 

Whether such artificial organisms could be said to have 
‘personalities’ (however different from ours) depended partly 
on ourselves. We recognized one another as personalities, not 


by a process of logical proof but by an act of commitmeng, 
The element of commitment became apparent if, for instance, 
we inquired the way from a policeman at Madame Tussaud’s 
and discovered that he was made of wax. We felt ‘let down’, 

The basic question then was whether artificial organisms, 
equipped adequately for ‘intelligent’ behaviour (including 
dialogue), could ever attract from human beings a personal 
commitment of this sort and not ‘let them down’. Prof, 
MacKay did not think it impossible, but he preferred to 
wait and see. AN, 


News from the Centres 


NORTH STAFFORDSHIRE SUB-CENTRE 


Aeronautic electronics 


T the meeting at Kidsgrove on the 6th March 1961, the 

Chairman, Mr. G. H. Gillam, welcomed members of the 
Royal Aeronautical Society, who had been invited to hear 
the Rt. Hon. the Viscount Caldecote give his lecture ‘The 
future of electrics and electronics in aircraft and guided 
missiles’, in which he discussed the developments taking place 
in electrical equipment in this field. An article by Lord 
Caldecote on this subject appeared in the April 1961 Journal, 
p. 212. 

With the increasing complexity of equipment in aircraft, 
the pilot had more and more items to observe and control, 
and automatic devices had to be provided to assist him and 
to work out some of the problems for him. This became even 
more necessary as the number of planes in the air and the 
speed of flight increased. Lord Caldecote said that if two 
planes, each travelling at Mach 1, approached each other 
with danger of collision, nothing the pilots could do after 
seeing the danger visually would avert the collision. Fully 
automatic flight control was being developed to deal with 
these problems. 

A brief discussion was opened by Mr. F. J. St. Clair, and 
a vote of thanks to Lord Caldecote was proposed by Mr. A. 
Asbury, who mentioned that work done at Kidsgrove had 
been on the fringe of many of the developments, including 
special computers for simulating kinetic heating and auto- 
matic test procedure. 


Communication satellites 


The meeting at Stone on the 17th April 1961 was held jointly 
with the local Centre of the Institution of Post Office Electrical 
Engineers. A lecture entitled ‘The potentialities of artificial 
Earth satellites for radiocommunication’ was given by 
Mr. W. J. Bray. The lecture described the various schemes 
proposed for providing world-wide communication by means 
of artificial satellites, which would be an economic alternative 
to submarine repeater cables. The author recommended a 
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system using ten or 12 satellites in relatively low circular 
orbits, which would be suitable for world-wide telephone, 
radio and television communication. An article on communi- 
cation satellites is to appear in the Journal shortly. 

The lecture was illustrated by an excellent colour film 
showing the launching of the American Echo satellite and by 
a tape recording of the first satellite-radio message, transmitted 
by President Eisenhower. 

A large number of members joined in the discussion, opened 
by Mr. H. Clarke, during which attention was called to the 
advantages of the synchronous orbit, which theoretically 
required only three satellites to provide world cover. The 
author considered that the transmission delay with a satellite 
22000 miles distant and the high cost and low payload 
would militate against its adoption. Also, in practice, a 
further three satellites would be required to provide adequate 
standby and a larger number in lower orbits would probably 
prove to be cheaper. He also felt that five years would bea 
satisfactory life for satellite equipment. While international 
co-operation was essential in the use of satellites, he thought 
that the resources of the United Kingdom were quite 
adequate to sustain a satellite programme for radio- 
communication. 

Dr. T. E. Calverley proposed a vote of thanks to the author 
and congratulated him on an extremely interesting presenta- 
tion of the subject. 


An interesting contrast 


A joint meeting with the Graduate and Student Section 
was held at Stafford on the 20th March 1961, when two short 
papers were presented by members of the Section. ‘Silicon- 
rectifier equipment for mining-locomotive battery-charging’ 
was read by Mr. G. H. Burrows, and Mr. C. B. Penfold 
presented ‘A new approach to domestic space-heating’. The 
contrast between the two subjects added interest, and Mr. W. 
Jamieson and Mr. R. J. G. Pitman opened lively discussions 
on the respective papers. In proposing a vote of thanks to 
the authors, Mr. L. Goodall complimented them on their 
presentation and especially on the excellent way in which 
they both had dealt with the discussion. 
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information on a broader basis 


The Annual General Meeting was held at Stafford on the 
15th May 1961, when, in the absence of the Chairman, 
Mr. G. H. Gillam, Mr. A. Asbury read the Chairman’s 
report on the activities of the past year. Mr. Gillam expressed 
thanks for the support he had received during the session and 
especially thanked the many members and officers of the 
Committee who would be retiring in September. In the 
absence of further nominations, the members and officers 
nominated by the Committee to fill the vacancies were 
declared elected. Mr. Gillam reported that membership had 
now reached 803 and that attendance at meetings had been 
maintained, but he appealed to members to support papers 
other than those relating to their own subject and thus 
further one of the aims of The Institution, to disseminate 
information on a broader basis. 

A vote of thanks to the auditors, Mr. H. Duckworth and 
Mr. J. T. Wordley, was proposed and seconded from the floor, 
and these members were then re-elected to serve in the 
coming session. 

At the Ordinary Meeting that followed, Mr. A. J. Blundell 
read the paper ‘Silicon power rectifiers’ written by Mr. A. E. 
Garside, Mr. R. G. Hibbert, Mr. I. Williams and himself. 
An account of this paper appeared in the April 1961 Journal, 
p. 229. The paper described features of the design, con- 
struction, characteristics and operation of silicon rectifiers 
and referred to the various applications in which silicon 
rectifiers offer advantages. 

In the discussion, opened by Mr. J. J. L. Weaver, reference 
was made to the use of units in parallel to increase security 
where continuity of supply was important, and also to the 
stability of characteristics during life. The short experience 
so far available made it difficult to obtain accurate data on 
stability, but any changes were expected to be quite small. 

Mr. D. B. Corbyn proposed a vote of thanks to the author 
for a very interesting paper and for so fully answering the 
many questions. The emphasis on the applications of the 
silicon rectifier was, he thought, a particularly valuable 
feature of the paper. L. G. 


NORTH-EASTERN CENTRE 


Annual Dinner and Dance 


HE Annual Dinner-Dance was held in the Old Assembly 
Rooms, Newcastle upon Tyne, on Friday, 10th March 
1961, when Mr. and Mrs. D. H. Thomas received about 
300 members and guests. The toast of The Institution was 
proposed by the Rt. Hon. Alfred Robens, who spoke of the 
important connection between the National Coal Board and 
the electricity supply industry. The President, Sir Hamish D. 
MacLaren, suitably replied. 
Mr. H. Watson-Jones, Immediate Past-Chairman of the 
Centre, proposed the toast of the visitors, who included Lady 
MacLaren, Mr. and Mrs. W. K. Brasher, Judge and Mrs. 
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At the Annual Dinner-Dance of the North-Eastern Centre 


Left to right: Lady MacLaren, Sir Hamish D. MacLaren, Mrs. D. H. 
Thomas, Mr. D. H. Thomas, and the Rt. Hon. Alfred Robens 


C. T. Cohen, the Sheriff of Newcastle, Alderman G. Jacobsen, 
and Mr. and Mrs. B. C. Henry. Judge Cohen responded to 
the welcome in a witty and humorous manner. 


Faraday Lecture 


The 1960-61 Faraday Lecture was given in the City Hall, 
Newcastle upon Tyne, by Mr. L. J. Davies to a capacity 
audience on Thursday, 23rd March 1961. The applications 
for tickets this year overwhelmed the secretariat of the 
Centre, to the extent that over 200 applications had to be 
refused. This matter was discussed at a later Committee 
meeting, when it was thought that, as the Lecture was 
becoming increasingly popular, the answer appeared to be a 
morning lecture for grammar-and technical-school students. 

Ww. H.C. 


SCOTTISH CENTRE 


Lectures and films 


HE formal business of the session ended during May 

1961 with the Annual General Meetings of the Centre, 
the three Sub-Centres and the Electronics and Measurement 
Group, the proceedings being followed in each case by a 
lecture or films on topics of general interest. At the Centre 
meeting in Glasgow, Mr. D. Firth spoke on ‘Hydrostatic 
transmission—is it a competitor?’ and provoked a lively 
discussion. 

The South-East Scotland Sub-Centre were privileged to 
hear a repetition by Dr. M. Datta of his Supply Section 
lecture ‘Electricity supply in India and its future’, which was 
accompanied by many coloured slides and a film that showed 
not only some technical features but also many interesting 
facets of life in India. A report of the Supply Section lecture 
appears on p. 474. Dr. Datta, who is now Chief Engineer of 
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News from the Centres (continued) 


the West Bengal State Electricity Board and Chairman of the 
Calcutta Branch of The Institution, received much of his 
postgraduate academic and practical training in Scotland, 
and the occasion was for him a reunion with many old friends. 


Unofficial Presidential visits 


The North Scotland Sub-Centre was recently very pleased 
to have unofficial visits from the President, Sir Hamish D. 
MacLaren, who was on holiday in the neighbourhood and 
attended Ordinary Meetings at Dundee and Aberdeen on 
the 13th and 14th April 1961; at Dundee Sir Hamish pre- 
sented to the North Scotland Graduate and Student Section 
a morocco-bound attendance register to mark the 10th 
anniversary of its formation. 

This was followed by an informal dinner, at which Sir 
Hamish and Lady MacLaren met a number of members and 
their ladies; Mr. R. B. Anderson, Centre Chairman and a 
resident of Dundee, presided and called on ‘volunteers’ to 
address the gathering, which they did with considerable 
success although with no significant erudition. 


Pitlochry Spring Meeting 

The ingenuity of successive committees has not been able 
to improve on the customary programme for the Pitlochry 
Spring Meeting, held this year from the 19th to 22nd May 
with an attendance of 84 members and guests. The Hutcheson— 
Winning Golf Competition was played on the Saturday 
morning, with Mr. J. K. Moffat as winner and Mr. W. Clark 
as runner-up. 

In the afternoon was the usual coach tour through the 
magnificent Perthshire scenery, the excuse this time being a 
visit to Errochty power station; Mr. A. A. Fulton welcomed 
the visitors to Clunie, where the North of Scotland Hydro- 
Electric Board had invited the party to a very welcome tea. 
The play at the ‘Theatre in the hills’ was this year ‘I am 
married’, translated from the Italian, in which language it 
was claimed to have been a comedy; nevertheless the occasion 
contributed to the success of the meeting. Sunday was spent 
in the leisurely pursuits of walking, talking, sitting, eating, 
putting, and, in the afternoon, some very mixed foursomes. 

E. O. T. 


WESTERN CENTRE 


Summer Meeting 


HE Summer Meeting of the Centre was due to begin on 
Friday, Sth May 1961. On the previous day the Honorary 
Assistant Secretary had arranged to travel down to Cornwall 
to see to the final arrangements. He left Bristol in a deluge of 
rain, which continued as he travelled. At times it was difficult 
to drive through the downpour. 
But, crossing into Cornwall, the rain eased and there was 
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thick fog. It was a long and tedious journey, and, when he 
arrived at the Carlyon Bay Hotel, near St. Austell, he was 
wondering what could be done to amuse the 70 people who 
would be attending the meeting. A three-hour film show had 
been laid on, and there was a billiards table, table tennis and 
the inevitable television set. On Friday morning the prospects 
were a little better—still raining but with brighter patches in 
the sky. 


Sun and high spirits 

After lunch the sun came out, and the Institution visitors 
began arriving, some having travelled as far as 300 miles from 
Wales and one couple from Jersey. When they arrived, 
Cornwall was looking its best, with the water in the bay a 
deep blue. 

Everyone was in good spirits; there was dancing for those 
with enough energy, and arrangements were made for the 
week-end functions by hard-working helpers: mixed golf for 
Saturday morning in teams of four; the car rally on Saturday 
afternoon; the men’s golf tournament on Sunday morning; 
the international bowls match (England versus Wales, by 
teams captained by the two Vice-Chairmen); the entertain- 
ment for Sunday evening; and a continuous putting competi- 
tion in aid of the Benevolent Fund. 

A sudden downpour interrupted the mixed-golf competition 
on Saturday morning and continued until after lunch; it was 
decided to cancel the car treasure-hunt in the afternoon. 
However, the sun came blazing out just before 3 p.m; 
some took advantage to visit Mevagissey, Padstow and other 
nearby seaside places, while others went to Helston to see the 
authentic furry dance. Some (men, of course) watched the 
Cup Final on television. 

A dinner was held on Saturday evening. Speeches were 
confined to one by the Chairman, Mr. A. C. Thirtle, who 
cleared up the matter of the correct pronunciation of 
‘Carlyon’: the last syllable rhymes with ‘lion’ and not with 
the French /éon, which would transfer it back to the Welsh 
‘Caerleon’. Dancing followed. 

The weather was pleasant on Sunday for the men’s golf 
and the international bowling match. In the evening the 
prizes were presented for the various events. The winners 
were: (mixed golf) Ist: Mr. and Mrs. W. M. Todd and Mr. 
and Mrs. A. H. Warren; 2nd: Mrs. E. A. Newburn and 
Mr. R. W. Steel and Mr. and Mrs. F. C. Isaac; (men’s golf) 
Ist: Mr. A. H. Warren; 2nd: Mr. G. Redfern; (putting) 
Ist lady: Mrs. W. G. Murdoch; 2nd lady: Mrs. T. Gill and 
Mrs. W. E. Collingbourne, and for the men a tie between 
Mr. L. R. Greet and Mr. W. Dudley Morgan. The bowls 
match resulted in a comfortable win for the English team. 


Golden years 

A special presentation was made to Mr. and Mrs. H. R. 
Beasant, who celebrated their golden wedding anniversary 
this year. Harry Beasant has done so much for the Centre 
for many years, ably assisted by his ever-young wife. They 
have attended, except for the war years, every Centre Summer 
Meeting since 1926, and we all hope they will attend many 
more. E. J. M. 


JOURNAL I.E.E. 
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EAST MIDLAND CENTRE 
Chairman: Lt.-Cor. W. E. GILL, T.p. 
Hon. Secretary: W. L. PassaNT, 49 Toller Road, Quorn, Loughborough, Leics. 


Hon. Asst. Secretaries: J. BARNES, D.L.C., ‘Quiet Ways’, 13 Oakwell Drive, 
Ilkeston, Derbyshire; W. D. Goopwin, 43 Kirkstone Drive, Forest Road, 
Loughborough 


East Midland Joint Electronics and Control Group 

Chairman: J. H. MITCHELL, PH.D., B.SC. 

Hon. Secretary: R. M. LANGDALE, 70 Balmoral Drive, Bramcote Hills, Bramcote, 
Notts. 


Cambridge Electronics and Measurement Group 
Chairman: H. V. BECK, M.A., B.SC. 
Hon. Secretary: R. BARRASS, c/o Pye Ltd., St. Andrew’s Road, Cambridge 


East Anglian Sub-Centre 
Chairman: E. A. FOWLER 


Hon. Secretary: Capt. N. HILLER, B.SC.(ENG.), Cambridgeshire Technical College 
and School of Art, Collier Road, Cambridge; Hon. Asst. Secretary: J. W. HUGHES, 
B.SC.(ENG.), 74 Hurst Park Avenue, Cambridge 


MERSEY AND NORTH WALES CENTRE 
Chairman: D. A. PICKEN 


Hon. Secretary: G. SHEPHERD, Pilkington Brothers Ltd., City Road Works, 
St. Helens, Lancs.; Hon. Asst. Secretaries: C. E. R. FAIRBURN, M.A., c/o English 
Electric Co. Ltd. Liverpool Works, East Lancashire Road, Liverpool 10; J. N. 
FLETCHER, B.SC., PH.D., Brookhirst Switchgear Ltd., Northgate Works, Chester; 
B. F. Ticke, 13 Auckland Grove, Nutgrove, St. Helens, Lancs. 


NORTH-EASTERN CENTRE 

Chairman: D. H. THOMAS, M.SC.TECH., B.SC.(ENG.) 

Hon. Secretary: E. A. Sims, North Eastern Electricity Board, Carliol House, 
Newcastle upon Tyne 1; Asst. Secretary: R. W. SHIELD, 152 Edge Hill, Darras 
Hall, Ponteland, Newcastle upon Tyne 

North-Eastern Measurement and Electronics Group 

Chairman: E. D. TAYLOR, M.SC. 


Hon, Secretary: R. Bruce, M.sc., C. A. Parsons and Co. Ltd., Heaton Works, 
Newcastle upon Tyne 6 


Tees-Side Sub-Centre 
Chairman: T. W. J. TEMPLE 
Hon. Secretary: D. W. PATTENDEN, 45 Stanhope Grove, Acklam, Middlesbrough 


NORTH MIDLAND CENTRE 
Chairman: F, W. FLETCHER 


Hon. Secretary: J. Woopuouse, c/o Brush Electrical Engineering Co. Ltd., 
Scottish Union Building, 26 Park Row, Leeds 1 


Hon. Asst. Secretary: J. N. B. Grirrirus, 48 Cornwall Road, Harrogate, Yorks. 


North Midland Utilization Group 
Chairman: W. PATERSON, B.SC. 


Hon. Secretary: H. J. Towse, B.SC.(ENG.), c/o English Electric Co. Ltd., Traction 
Control Design Dept., Bradford 3 


Sheffield Sub-Centre 


Chairman: E. J. LILLEKER 


Hon. Secretary: C. B. SIMPSON, B.SC.TECH., c/o Yorkshire Electricity Board, No. 3 
Sheffield Sub-Area, Commercial Street, Sheffield 1 


Hon. Asst. Secretary: J. E. Leeson, 56 Vernon Road, Totley, Sheffield 


NORTH-WESTERN CENTRE 

Chairman: F. LINLey 

Hon. Secretary: H. DIGGLE, B.SC.TECH., Associated Electrical Industries Ltd., 
Transformer Division, Southmoor Road, Wythenshawe, Manchester 23 
North-Western Measurement and Control Group 

Chairman: A. CHORLTON, B.SC.TECH. 

Hon. Secretary: R. W. Fryer, 2 Rossett Avenue, Timperley, Altrincham, Cheshire 


North-Western Electronics and Communications Group 
Chairman: C. Heys 
Hon. Secretary: J. DALTON, 12 Cedar Avenue, Claypoo! Road, Horwich, Lancs. 


North-Western Supply Group 
Chairman: J. B. KitsHaw 
Hon. Secretary: F. W. TAYLOR, M.SC.TECH., c/o Ferranti Ltd., Hollinwood, Lancs. 


North-Western Utilization Group 
Chairman: C. AYRES, B.SC.(ENG.) 
Hon. Secretary: W. F. Jarvis, 8 Fairview Road, Timperley, Cheshire 


North Lancashire Sub-Centre 
Chairman: C. C. BACON 


Hon. Secretary: F. Day, c/o North Western Electricity Board, 40/41 Lune Street, 
Preston; Hon. Asst. Secretary and Treasurer: A. BARTLETT, 99 Black Bull Lane, 
Fulwood, Preston 
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NORTHERN IRELAND CENTRE 

Chairman: J. McA. IRONS 

Hon. Secretary: R. L. Marrs, B.sc., Gallaher Ltd., Virginia House, York Street, 
Belfast 15 

Hon, Asst. Secretary: W. H. FARMER, Room 49, Telephone House, 1 Cromac 
Street, Belfast 


SCOTTISH CENTRE 
Chairman: R. B. ANDERSON 


Hon. Secretary and Treasurer: D. R. ROLLO, B.SC.(ENG.), Bruce Peebles and Co, 
Ltd., 26 Blythswood Square, Glasgow C.2 


North Scotland Sub-Centre 

Chairman: L. F. DORWARD, B.SC. 

Hon. Secretary: K. J. MCCONNELL, c/o Jute Industries Ltd., Engineering Dept 
Tay Carpet Works, Lochee Road, Dundee Oy 
Hon, Asst. Secretary: J. C. EARLS, B.SC.(ENG.), c/o Electrical Engineering Dept. 
Robert Gordon’s Technical College, Aberdeen . 


South-East Scotland Sub-Centre 
Chairman: 1. S. FRASER, B.SC. 


Hon. Secretary and Treasurer: C. M. BECKETT, T.D., M.A., c/o Bruce Peebles and Co, 
Ltd., E. Pilton, Edinburgh 5 


South-West Scotland Sub-Centre 
Chairman: W. L. Kipp, B.SC.TECH. 


Hon. Secretary and Treasurer: D. W. GREGORY, c/o Johnson and Phillips Ltd, 
59 Berkeley Street, Glasgow C.3 


Scottish Electronics and Measurement Group 
Chairman: J, STEWART, M.A., B.SC. 


Hon. Secretary and Treasurer: D. R. ROLLO, B.SC.(ENG.), c/o Bruce Peebles and Co, 
26 Blythswood Square, Glasgow C.2 


SOUTH MIDLAND CENTRE 
Chairman: Bric. F. JONES, C.B.E., M.SC. 


Hon. Secretary: J. C. Pyatt, c/o Central Electricity Generating Board, Nechells 
‘B’ Power Station, Nechells, Birmingham 7 


Hon. Asst. Secretary: D. McCliskie, General Electric Co. Ltd., Magnet House, 
Newhall Street, Birmingham 3 


South Midland Electronics and Measurement Group 
Chairman: H. M. GALE, B.SC.(ENG.) 


Hon. Secretary: E. S. JOHNSON, c/o Telephone Manager, 63 Hagley Road West, 
Birmingham 17 


South Midland Supply and Utilization Group 
Chairman: H. M. FRICKE, B.SC. 
Hon, Secretary: H. C. Fox, 12 Carnwath Road, Sutton Coldfield, Warwicks. 


North Staffordshire Sub-Centre 

Chairman: G. H. GILLAM 

Hon. Secretary: P. W. R. GATLiFF, B.sc., English Electric Co. Ltd., Stafford 

Hon. Asst. Secretaries: A. P. Baines, 51 Springfield Drive, Mosspitt, Stafford; 

(Stoke) N. M. Morris, 62 Maythorne Road, Blurton, Stoke on Trent; (Crewe) 

M. M. MacMaster, B.SC., Crewe Further Education Sub-Committee, Techni 

er ga Hightown, Crewe; (Stone) C. E. WooLLey, 26 Raleigh Hall, Eccleshall, 
taffs. 

Rugby Sub-Centre 

Chairman: E. S. HALL 

Hon, Secretary: J. RICHMOND, M.B.E., B.ENG., 53 Vernon Avenue, Rugby 


Hon. Asst. Secretaries: R. W. ROBINSON, 51 Yates Avenue, Newbold Glebe, 
Rugby; A. J. GiLBerT, B.A., Associated Electrical Industries Ltd., Heavy Plant 
Division, Rugby 


SOUTHERN CENTRE 
Chairman: R. GororD 


Hon. Secretary: H. W. Houstey, 15 Southdown Road, East Cosham, Portsmouth, 
Hants 


Hon. Asst. Secretaries: A. C. TREMAIN, B.SC.(ENG.), Municipal College, Ports- 
mouth, Hants; C. G. BRAMMER, 48 Brecon Avenue, East Cosham, Hants; H. V. 
HARLEY, B.SC., 72 Maylands Road, Bedhampton, Havant, Hants 


WESTERN CENTRE 

Chairman: A. C. THIRTLE 

Hon. Secretary: D. STEPHENS, 7 Clovelly Crescent, Llanrumney, Cardiff 

Hon. Asst. Secretaries: (Bristol) W. D. MorGAN, ‘Green Lea’, Farleigh, Backwell, 
nr. Bristol; (Cardiff) W. Reat, 14 Manor Rise, Whitchurch, Cardiff 

Western Supply Group 

Chairman: A. H. MCQUEEN 

Hon. Secretary: R. ALDERSON, South Wales Switchgear Ltd., Blackwood, Mon. 


Western Utilization Group 
Chairman: E. HAWKESLEY 
Hon. Secretary: W. S. EVANS, Broad Oak, 3 Heol Wen, Rhiwbina, Cardiff 


Hon. Asst. Secretary: A. R. S. GouGu, ‘Greenacres’, Hempton Lane, Almonds 
bury, Bristol 
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South-Western Sub-Centre 

Chairman: F. C. Isaac 

Hon, Secretary: G. T. Ferris, Superintendent, Plymouth ‘A’ Generating Station, 
‘nce Rock, Plymouth, Devon 

Hon, Asst. Secretary: R. Rosinson, 23 Chestwood Avenue, Oakland Park, 


Bamstaple, Devon 


West Wales (Swansea) Sub-Centre 

Chairman: J. NELSEY, B.SC.(ENG.) 

Hon. Secretary: C. EVANS, 38 Old Road, Llanelly, Carmarthenshire 

Hon. Asst. Secretary: D. H. Hucugs, 5 Hillside, Furnace, Llanelly, Carmarthen- 


Oversea Representatives of the Gouncil 


ARGENTINA 
B. G. BorIssow, B.SC.(ENG.), c/o Metropolitan-Vickers Export Co. Ltd., Avda. 
Roque Saenz Pena 636, 7° Piso, Buenos Aires 


BRAZIL 
E. WINSTANLEY, B.SC.(ENG.), Rio de Janeiro Flour Mills and Granaries Ltd., 
Caixa Postal 486, Rio de Janeiro 


CANADA 

J. M. THOMSON, M.A.SC., PH.D., Ferranti-Packard Electric Ltd., Industry Street, 
Toronto 15, Ontario 

(Alberta) Pror. J. A. HARLE, M.SC., Head of Dept. of Electrical Engineering, 
University of Alberta, Edmonton; (British Columbia) Dean D. M. MYERS, 
D.SC(ENG.), B.SC., B.E., c/o Faculty of Applied Science, University of British 
Columbia, Vancouver 8; (Ontario) R. P. HORLOCK, B.SC.(BNG.), Associated 
Electrical Industries (Canada) Ltd., 212 King Street West, Toronto 1; (Quebec) 
F. L. LawTON, B.A.SC., c/o Aluminium Laboratories Ltd., 1800 Sun Life Building, 
Montreal 


CAPE PROVINCE 
C. G. Downlk, B.sc., c/o City Electricity Dept., P.O. Box 82, Cape Town 


CEYLON 
(Acting) D. P. BENNETT, c/o Walker Sons and Ca Ltd., Colombo 


EAST AFRICA 
A. O. CosGrove, B.sc., General Electric Co. Ltd., P.O. Box 5100, Nairobi 


Deputy Representatives: (Uganda) J. M. STOCK, 0.B.B., M.ENG., Uganda Electricity 
Board, Kampala; (Tanganyika) J. H. GRIFFITHS, 1.8.0., c/o Public Works Dept. 
Headquarters, Dar es Salaam, Tanganyika 


FAR EAST 
D. S. Hm, Reiss, Bradley and Co. Ltd., National City Bank of New York 
Building, 2 Queen’s Road C, Hong Kong 


FRANCE 
P. M. J. AILLergT, Electricité de France, 12 Place des Etats-Unis, Paris (16*) 


Deputy Representative: R. A. TELLIER, ING.£.s.£., c/o Electricité de France, 
12 Place des Etats-Unis, Paris (16°) 


GHANA 
E. M. KoraM, B.SC.(ENG.), Posts and Telecommunications, Accra, Ghana 


INDIA 


F. Wape-Cooper, Magnet House, Chittaranjan Avenue, P.O. Box 8974, 
Calcutta 13 


Deputy Representatives: L. W. BRAZEL, Calcutta Electric Supply Corporation 
Ltd., Victoria House, Calcutta 


(Bombay) J. H. SMyTuHE, B.sc., Greaves, Cotton and Crompton Parkinson Ltd., 
1 Forbes Street; (Delhi) SH1V NARAYAN, SC.D., M.SC., B.E., M.A., B.SC., 2547 Nai 
Wara, 6; (Madras) J. MEEK, B.SC.(ENG.), c/o General Electric Co. (India) Ltd., 
Magnet House, Mount Road, P.O. Box 351 


ISRAEL 
B. F. Moss, 94 Hayarkon Street, Tel Aviv 


MALAYA AND SINGAPORE 


Ww. TRAFFORD, M.B.E., c/o William Jacks and Co. (M) Ltd., P.O. Box 286, Eastern 
Bank Building, No. 2 Embankment, Kuala Lumpur, Malaya 


Deputy Representative: F. R. WARDROP, B.SC.(ENG.), Central Electricity Board, 
P.O. Box 1003, Kuala Lumpur, Malaya 

MIDDLE EAST 

H. D. Furser, D.F.H., c/o Iraq Petroleum Co. Ltd., Kirkuk, ‘Iraq 

Deputy Representative: J. D. ADDISON, M.B.E., P.O. Box 54, Kuwait, Arabia 


NATAL 
R. M. O. Simpson, c/o Electricity Dept., P.O. Box 147, Durban 


NEAR EAST 

Pror. R. W. SLOANE, M.A., PH.D., B.SC., Director of the Engineering Experimental 
and Service Laboratories, American University of Beirut, Beirut, Lebanese 
Republic 

NEW SOUTH WALES 

J. T. Roto, LE.E. Box 701, G.P.O., Sydney (telephone Sydney B0323, ext. 313 
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NEW ZEALAND 
G. R. MILng, B.sc., P.O. Box 749, Wellington C.1 


PAKISTAN 
H. L. JErFertes, c/o Pakistan Cables Ltd., P.O. Box 5050, Karachi 


QUEENSLAND 
J. S. Just, 14 Dickson Terrace, Hamilton, N.E.2, Brisbane 


RHODESIA 
A. B. COWEN, C.M.G., 0.B.E., P.O. Box 377, Salisbury 


SOUTH AUSTRALIA 

G. H. MACHIN, B.£., c/o Electricity Trust of South Australia, Box 412c, G.P.O., 
Adelaide 

SWITZERLAND 

L. W. Hayes, 0.B.£., 43 Quai Wilson, Geneva 


TRANSVAAL AND ORANGE FREE STATE 
A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg 


UNITED STATES OF AMERICA 


Hon. Secretary: G. H. O’SULLIVAN, B.E., E.E., J. G. White Engineering Corporation, 
80 Broad Street, New York 4, N.Y. 


VICTORIA AND TASMANIA 


Pror. C. E. MoorHOUSE, M.E.B., Department of Electrical Engineering, University 
of Melbourne, Carlton N.3, Victoria 


Deputy Representative for Tasmania: H. P. TUCK, M.E., B.sC., Associate Professor, 
University of Tasmania, Hobart, Tasmania 

WEST AFRICA 

J. Houston ANGus, Private Mail Bag 2031, Lagos, Nigeria 


WEST INDIES 

K. W. FIncn, B.SC.(ENG.), Trinidad and Tobago Electricity Commission, P.O. 
Box 121, Port-of-Spain, Trinida 

WESTERN AUSTRALIA 


J. B. JuKEs, B.E., State Electricity Commission of Western Australia, Electricity 
House, 321 Murray Street, Perth 


Oversea Branches 


BOMBAY BRANCH 
Chairman: J. C. PATEL, B.SC. 


Hon. Secretary: T. M. SHIvRAM, c/o Greaves, Cotton and Crompton Parkinson 
Ltd., 1 Forbes Street, Post Fort, Bombay 1 


CALCUTTA BRANCH 
Chairman: M. DATTA, M.SC.TECH., PH.D. 


Hon. Secretary: L. W. Brazer, Calcutta Electric Supply Corporation Ltd., 
Victoria House, Calcutta 


CEYLON BRANCH 
Chairman: M. M. BALASURIYAR, B.SC.(ENG.) 
Hon. Secretary: S. W. PEIRIS, B.SC.(ENG.), P.O. Box 540, Colombo 


IRISH BRANCH 

Chairman: C. V. O’DONNELL, M.E. 

Hon. Secretary: J. MCKEBVER, B.SC.(ENG.), General Electric Co. Ltd., Magnet 
House, Adelaide Road, Dublin 

Hon. Asst. Secretary: C. A. MCLOUGHLIN, B.SC., c/o Electricity Supply Board, 
21 Lower Fitzwilliam Street, Dublin 


Oversea Committees 


AUSTRALIA 

New South Wales 

Chairman: H. B. Woon, B.SC., M.E. 

Hon. Secretary: D. K. Murr, 1L.E.E. Box 701, G.P.O., Sydney 


Queensland 
Chairman: A. S. FAULKNER 
Hon. Secretary: W. 1. GeorGe, B.£., 124 Seventh Avenue, St. Lucia, Brisbane 


South Australia 
Chairman: F. R. HILL, B.sc. 
Hon. Secretary: S. LecHowicz, 52 Park Road, Kensington Park, Adelaide 


Victoria and Tasmania 
Chairman: G. T. CUTHBERT, B.E. 
Hon, Secretary: D. P. Davies, M.sc., Pen Bryn, Mt. Macedon, Victoria 


Western Australia 
Chairman: K. W. TAPLIN, B.E. 
Hon. Secretary and Treasurer: R. R. LAKE, B.E., c/o 132 Murray Street, Perth 


CANADA 
Toronto 
Chairman: THE OVERSEA REPRESENTATIVE OF THE COUNCIL 





INDIA 

Madras 

Chairman: N. C. S. KUMAR, B.SC. 

Hon. Secretary: E. H. BRAZEL, Binny and Co. Ltd. (Madras), Engineering Dept., 
P.O. Box No. 66, Madras 

MALAYA AND SINGAPORE 

Chairman: THE OVERSEA REPRESENTATIVE OF THE COUNCIL 


NEW ZEALAND 
Chairman: F. T. M. KISSEL, 1.S.0., B.SC. 
Hon. Secretary: G. R. MILNz, B.SC., P.O. Box 749, Wellington C.1 


SOUTH AFRICA 
Transvaal and Orange Free State 
Chairman: THE OversgA REPRESENTATIVE OF THE COUNCIL 


Joint Groups 


ADEN 

Chairman: G. A. MALONE, A.M.1.MECH.E. 

Hon. Secretary: J. D. D. DAVIES, B.SC., A.M.LE.E., 13786 Projects Electrical Engi- 
neer, c/o B.P. Refinery (Aden) L Ltd., P.O. Box 3003, Aden, Arabia 
ARGENTINA 

Chairman: B. G. Borissow, M.I.E.E., A.M.I.MECH.E. 

Hon. Secretary and Treasurer: W. E. JAMES, A.M.1.MECH.E., Shell C.A.P.S.A., Av. 
Pte. Roque Saenz Pena 788, Buenos Aires 

BRITISH GUIANA 

Chairman: R. F. CAMACHO, M.1.C.E. 

Hon. Secretary: P. A. D. ALLSOPP, A.M.1.C.E., Public Works Dept., Georgetown 
HONG KONG 

Chairman: S. Y. CHUNG, M.1.MECH.E. 

Hon. Secretary and Treasurer: WARNER YEH, B.SC., M.A., A.M.LE.E., c/o China 
Engineers Ltd., Alexandra House, Hong Kong 

SINGAPORE/MALAYA 

Chairman: C. M. CALDER, M.I.MECH.E. 

Hon. Secretary: 1. M. VARLEY, B.SC., A.M.1.C.E., P.O. Box 730, Singapore 


Professional Groups 


GHANA 
Chairman: E. L. QUARTEY, B.SC.(ENG.), A.M.LE.E. 
Hon. Secretary: J. HARROP, B.SC., Engineering Dept., University College of Ghana, 


GIBRALTAR 

Chairman: W. E. CHIAPPE, M.I1.C.E., A.M.I.MUN.E. 

Hon. Secretary: H. A. MATTHEY, A.M.1.B.£., 1 Emblema House, Bakers Passage, 
Gibraltar 


JAMAICA 
Chairman: A. M. PERRY, B.SC., M.1.E.E., A.M.I.MECH.E. 
Hon. Secretary: H. R. BRAND, D.F.H., A.M.L.E.E., P.O. Box 122, Kingston 10 


MIDDLE EAST 

Chairman: H. NAYER-NOURI, B.SC., M.L.E.E. 

Hos. Secretary: J. JOHNSTON, A.M.1.C.E., Iranian Oil Refinery Co. Ltd., Abadan, 
. Iran 


TRINIDAD AND TOBAGO 

Chairman: A. H. RICHARD, M.I1.C.E. 

Hon. Secretary: T. F. STOLBERGER, B.SC., A.M.I.C.E., c/o U.C.W.L, Imperial 
College of Tropical Agriculture, St. Augustine, Trinidad 

WEST AFRICA 

Chairman: R. K. INNES, M.1.C.E. 

Hon. Secretary: R. S. HENDERSON, B.A., A.M.I.C.E., P.O. Box 2363, Lagos, Nigeria 


Graduate and Student Sections 


BRISTOL 

Chairman: M. PASsKINS 

Hon. Secretary: J. B. FARRER, 15 Tyning Road, Saltford, Bristol 
CARDIFF 

Chairman: G. C. BosLey 

Hon. Secretary: J. G. E. WiLtias, 8 Carnegie Drive, Lakeside, Cardiff 
EAST MIDLAND 

Chairman: F. W. SYMONDS, B.SC., M.S. 


=. Secretary: D. J. MORRIS, B.SC.(ENG.), DIPL.-ING., 29 Muriel Road, Beeston, 
otts. 


IRISH BRANCH 
Chairman: A. J. Durry 


Hon. Secretary: P. A. 
Stephen’s Green W., Dublin 2 
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THUNDER, c/o Charles Warren and Co. Ltd., 122 St. 


LONDON 
Chairman: C. F. PRICE 
Hon. Secretary: F. P. HARwoop, 303 Commonside East, Mitcham, Surrey) 


MERSEY AND NORTH WALES 
Chairman: J, W. LEAKE 
Hon, Secretary: D. G. ROBINSON, 6 Thirlmere Street, Wallasey, Cheshire 


NORTH-EASTERN 
Chairman: R. HAWLEY, B.SC. 


Hon. Secretary: K. HUDDART, B.A., R. and C. Dept., A. Reyrolle and Co, 
Hebburn, Co. Durham : 


NORTH MIDLAND 
Chairman: C. H. STACEY 
Hon. Secretary: P. J. MACKERTICH, 4 Oak Road, Leeds 7 


NORTH SCOTLAND 
Chairman: J. MowaT 


Hon. Secretary: A. J. ALEXANDER, Dubton Farm, Marykirk, La 
Kincardine 


NORTH STAFFORDSHIRE 
Chairman: D. J. ANDREWS, B.SC. 


Hon. Secretary: J. 1. HINE, M.E., Metal Industries Engineers, English Elect 
Lid., Stafford 


NORTH-WESTERN 

Chairman: D. F. BINNS, M.SC. 

Hon. Secretary: 1. M. MACAULAY, c/o Associated Electrical Industries Jj 
Industrial Applications Engineering Dept., Trafford Park, Manchester 17 e 
NORTHERN IRELAND 

Chairman: H. MCKILLEN 


Hon. Secretary: J. B. HARSON, B.SC., c/o y eo Board for Northern 
23-27 Ballymoney Street, Ballymena, Co. Antrim 


RUGBY 
Chairman: D. C. MACDONALD, B.SC.(ENG.) 


Hon. Secretary: H. S. MCNAUGHTON, B.SC., M.E.M. Engineering Dept., 
Plant Division, A.E.1., Rugby 


SHEFFIELD 
Chairman: M. WILSON 


Hon. Secretary: B. RiGG, B.sc., Electrical Engineering Dept., The Un 
Mappin Street, Sheffield 1 


SOUTH MIDLAND 

Chairman: M. V. BRADBURY, DIP.TECH.(ENG.) E 
Hon. Secretary: J. J. WHITESIDE, B.sC., 91 Chestnut Drive, Erdington, Bim 
ham 24 


SOUTH-EAST SCOTLAND 
Chairman: K. VON KROGH, A.H.-W.C. 


Hon. Secretary; G. J. H. BROOKING, A.R.C.S.T., c/o Bruce Peebles and Col 
37 Inverleith Place, Edinburgh 3 


SOUTH-WEST SCOTLAND 

Chairman: E. C, DRYBURGH, B.SC. 4 
Hon. Secretary: D. RAgSIDE, B.SC., c/o Dept. of Electrical Engineering, Col 
of Science and Technology, Glasgow C.1 ‘ 
SOUTHERN 

Chairman: S. A. FRAMPTON 4 
Hon. Secretary: H. G1sson, B.SC., 6 Stakes Hill Road, Waterlooville, Hants% 


TEES-SIDE 
Chairman: R. M. Epps 
Hon. Secretary: J. L. Epen, 7 Highfield Road, Middlesbrough 





Local Honorary Treasurers of the 
Benevolent Fund 


East Midland Centre 

Irish Branch 

Mersey and North Wales Centre 
North-Eastern Centre 

Tees-Side Sub-Centre 

North Midland Centre 

Sheffield Sub-Centre 
North-Western Centre 

North Lancashire Sub-Centre 
Northern Ireland Centre 
Scottish Centre ~ 

North Scotland Sub-Centre 
South Midland Centre 

Rugby Sub-Centre 

Southern Centre 

Western Centre (Bristol) 
Western Centre (Cardiff) 

West Wales (Swansea) Sub-Centre 
South-Western Sub-Centre 


L. Adlington 

A. Harkin, M.E. 

D. A. Picken 

R. G. Scotson 

W. K. Harrison 

E. C. Walton, Ph.D., B 

F. Seddon 

E. G. Taylor, B.Sc.(Eng. 
H. Charnley 

G. H. Moir, J.P. 

R. H. Dean, B.Sc. Tech. 


*_ E. Johnson 











